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INTRODUCTION	  
RESEARCH	  BACKGROUND:	  TECHNOLOGICAL	  SUBSTITUTION	  AND	  
EMERGING	  TECHNOLOGIES	  	  Technological	   substitution	   at	   the	   product	   component	   level	   is	   generally	  considered	   	   a	   key	   driver	   of	   innovation	   (Munari	   et	   al.,	   2004,	   Thusman	   and	  Rosenkopf,	   1992,	   Levinthal,	   1998,	   Funk,	   2008).	   In	   recent	   years,	   examples	   of	  technological	   substitution	   have	   become	   both	   more	   and	   more	   frequent	   and	  disruptive.	   In	   the	   last	   10	   years,	   for	   example,	   the	  TV	   industry	   has	   undergone	   the	  technological	   substitution	   process	   from	  CRT	   to	   LCD	   technology.	   Similarly,	   in	   the	  automotive	  industry,	  the	  diesel	  engine	  has	  progressed	  from	  classical	   indirect	  fuel	  injection	  systems	  to	  the	  Common	  Rail	  system,	  currently	  the	  dominant	  technology	  of	   the	   industry	   (UNRAE	   2004	   report).	   The	   music	   industry	   has	   also	   radically	  changed	  as	  a	   result	  of	   technological	   substitution,	  moving	   from	   to	   the	  MP3	  music	  format	  (IFPI	  Digital	  Music	  Report	  2009).	  All	  of	  these	  examples	  are	  characterized	  by	  the	  substitution	  of	  a	  core	  technology,	  (i.e.	  the	  technology	  of	  imaging	  display	  for	  the	  TV,	  the	  technology	  of	  fuel	  injection	  for	  diesel	  engines	  and	  the	  digital	  format	  for	  the	  music	  device,	  respectively)	  within	  a	  bundle	  of	  complementary	  technologies,	  which	  have	   continued	   to	   play	   a	   role	   in	   the	   new	   product	   generation.	   In	   general,	   an	  
emerging	  technology	   involved	  in	  a	  technological	  substitution	  process	  can	  either	  be	   a	   brand	   new	   technology	   or	   a	   technology	   resulting	   from	   a	   recombination	   of	  complementary	   ones	   (Garud	   and	   Nayyar,	   1994,	   Hargadon	   and	   Sutton,	   1997,	  Levinthal,	   1998);	   it	   can	   stem	   either	   from	   the	   same	   industry	   or	   from	   another,	  unrelated	   industry.	   Ahuja	   and	   Lampert	   (2001),	   define	   three	   main	   typologies	   of	  new	   technology:	   “novel	   technologies,	   in	   which	   the	   firm	   lacks	   prior	   experience;	  pioneering	   technologies,	   which	   do	   not	   build	   on	   any	   existing	   technologies;	   and	  emerging	  technologies,	  which	  are	  recent	  or	  newly	  developed	  in	  the	  industry”	  (Ahuja	  and	   Lampert,	   2001).	   The	   latter	   typology	   is	   particularly	   interesting,	   because	   the	  crossing	   over	   of	   technologies	   from	   one	   industry	   to	   another	   is	   a	   good	   way	   to	  describe	  how	  technological	  substitution	  could	  shape	  new	  generations	  of	  products,	  bringing	  about	  a	  need	  for	  new	  product	  competencies,	  at	  both	  the	  component	  and	  	  architecture	  levels.	  In	  such	  cases,	  both	  the	  leveraging	  of	  existing	  competencies	  and	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the	  development	  of	  new	  ones	  constitute	  not	  only	  an	  opportunity	  to	  take	  advantage	  of	   the	  process	  of	  market	  reconfiguration	  (Jacobides	  et	  al.,	  2006),	  but	  are	  actually	  pave	  the	  way	  to	  achieving	  long	  term	  survival.	  Consequently,	  it	  is	  quite	  evident	  that	  incumbents	  need	  to	  understand	  how	  to	  react	  when	  an	  emerging	  technology	  shapes	  a	  technological	  substitution	  process	  and	  new	  generations	  of	  product	  arise	  (Kogut	  and	  Zander,	  1992,	  Levinthal,	  1998,	  Garud	  and	  Nayyar,	  1994,	  Abernathy	  and	  Clark,	  1985,	   Rosenkopf	   and	   Nerkar,	   2001,	   Thusman	   and	   Rosenkopf,	   1992).	   However,	  even	   if	   existing	   theories	   on	   technological	   shifts	   and	   innovation	   highlight	   the	  challenges	   imposed	  upon	   incumbents	   in	   this	   process,	   they	   still	   leave	   us	  wanting	  when	  it	  comes	  to	  how	  these	  challenges	  should	  be	  overcome.	  	  	  Moreover,	   the	  possibility	   to	  compete	   in	  new	  product	  generations	  and	   to	  enter	   in	  emergent	  product-­‐market	  niches	  	  may	  at	  times	  not	  only	  be	  a	  strategic	  option,	  but	  it	  may	  constitute	  an	   inevitable	  “must”	   (Helfat	  and	  Lieberman,	  2002)	  even	   for	   firms	  coming	  from	  other	  origin	  landscapes.	  A	  good	  example	  of	  this	  can	  be	  found	  in	  what	  the	  literature	  has	  defined	  as	  “converging	  contexts”,	  in	  which	  firms	  tend	  to	  overstep	  the	   boundaries	   that	   outline	   their	   original	   industry	   in	   order	   to	   reinvent	   this	  industry	   (Yoffie,	   1996,	  Wirtz,	   2001).	   Technological	   substitution	   in	   fact,	   has	   been	  aslo	   recognized	   as	   a	   main	   driver	   of	   convergence	   processes.	   It	   can	   be	   seen	   as	   a	  result	   of	   the	   intersection	   of	   “knowledge	   vectors”	   (Levenhagen	   et	   al.,	   1990),	   in	  which	   each	   vector	   represents	   a	   set	   of	   specific	   competencies	   related	   to	   each	  technology.	  Building	  on	  this	  concept,	  Garud	  and	  Nayyar	  (Garud	  and	  Nayyar,	  1994)	  argue	   that:	   “This	   intersection	   of	   vectors	   represents	   a	   moment	   of	   cumulative	  synthesis	   as	   once	   unrelated	   fields	   converge	   […];	   the	   extent	   of	   interdependence	  between	  (convergent)	  knowledge	  vectors	  affects	  the	  number	  of	  vectors	  that	  must	  be	  maintained	  simultaneously”	  (Garud	  and	  Nayyar,	  1994,	  p.	  368).	  This	  implies	  that	  some	  of	   those	  are	  doomed	   to	  be	  dropped,	  but	  others	  need	   to	  be	  maintained	  and	  leveraged.	   According	   to	   Levinthal	   (Levinthal,	   1998)	   a	   convergent	   process	   is	   the	  result	  of	  speciation	  events,	  and	  	  hence	  it	  tends	  to	  be	  “technologically	  conservative”	  to	  a	  certain	  extent.	  Levinthal	  further	  explains	  that	  “new	  lineages	  may	  also	  emerge	  as	   the	   result	   of	   hybridizing	   two	   formerly	   distinct	   technologies	   into	   a	   common	  application	   context”,	   (Levinthal,	   1998,	   p.	   224)	   and	   then	   some	   technologies	   may	  continue	  to	  persist.	  In	  a	  process	  of	  technological	  substitution	  as	  defined	  here,	  such	  a	   hybridization	   stems	   from	   the	   substitution	   of	   a	   core	   product	   technology	   by	   the	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application	   of	   an	   emerging	   technology.	   Nevertheless,	   this	   hybridization	   also	  implies	   that	   the	   established	   technologies,	   which	   are	   not	   affected	   by	   the	  technological	  substitution	  	  can	  continue	  to	  play	  a	  role	  in	  the	  product	  architecture,	  although	  in	  a	  different	  way.	  For	  example,	  in	  the	  case	  of	  the	  digital	  camera,	  despite	  the	   substitution	   of	   chemical	   technology	   by	   digital,	   the	   other	   main	   technological	  components,	   such	   as	   the	   optical	   or	   mechanical	   system,	   continue	   to	   constitute	  fundamental	   parts	   of	   the	   camera	   architecture.	   Considering	   the	   nature	   of	  technological	   substitution	   and	   related	   convergence	   processes	   therefore,	   the	  possibility	   to	   compete	   in	   new	   product	   generations	   and	   to	   enter	   in	   emergent	  product-­‐market	   niches	   may	   at	   times	   not	   only	   be	   a	   strategic	   option,	   but	   it	   may	  constitute	   an	   inevitable	   “must”	   (Helfat	   and	   Lieberman,	   2002).	   Consequently	   it	   is	  very	   plausible	   that	   firms	   could	   come	   from	   other	   landscapes	   of	   competition	   and	  leverage	  their	  potential	  experience	  in	  the	  complementary	  technology.	  However,	  in	  both	   cases	   (for	   incumbents	   and	   new	   comers),	   there	   is	   still	   the	   issue	   concerning	  how	   to	   successfully	   enter	   in	   a	   emerging	   domain	   and	   how	   to	   fruitfully	   leverage	  previous	  technological	  experience.	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AIM	  AND	  STRUCTURE	  OF	  THE	  THESIS	  Starting	   from	   the	   relevance	   of	   discontinuous	   technological	   substitution	   and	   the	  following	   possible	   criticalities	   in	   dealing	   with	   emerging	   technology,	   this	   thesis	  	  	  aims	  to	   tackle	   the	  open	   issues	  concerning	  how	  to	  successfully	  enter	  an	  emerging	  technological	   domain	   and,	   in	   doing	   so,	   how	   to	   fruitfully	   leverage	   previous	  technological	  experience.	  Coherently	  with	  this	  aim,	  I	  have	  developed	  the	  thesis	  in	  two	  main	  parts.	  The	   first	   part,	   begins	   by	   giving	   a	   general	   overview	   of	   the	   research	   projects	  	  developed,	   focusing	   mainly	   on	   the	   research	   problems,	   research	   questions	  specifically	   addressed,	   and	   the	  main	   contributions	   offered	   by	   the	   single	   papers.	  Second,	   I	   describe	   the	   methodology	   I	   used	   for	   development	   of	   the	   empirical	  analysis,	  with	  a	   specific	   focus	  on:	   the	   characteristic	  of	   the	  empirical	   settings	  and	  the	  reason	  for	  its	  choice;	  the	  kind	  of	  data	  collected;	  the	  procedures	  for	  developing	  the	  final	  dataset;	  the	  specification	  of	  the	  model	  used;	  the	  main	  variables	  used	  in	  the	  analysis	  used	  to	  date.	  	  In	   the	   second	   part,	   I	   develop	   the	   two	   papers	   of	   the	   thesis,	   which	   specifically	  concern	  the	  following	  issues:	  1. What	  explains	  the	  success	  in	  an	  emerging	  technological	  domain?	  Our	  idea	  is	  that	  the	  success	  in	  an	  emerging	  technological	  domain	  may	  be	  explained	  by	  the	  characteristics	  of	  the	  knowledge	  firms	  develop,	  and	  by	  the	  implemented	  processes	   of	   knowledge	   leveraging.	   We	   start	   from	   the	   assumption	   that	  knowledge	   may	   differ	   on	   the	   basis	   of	   its	   technological	   distance	   to	   the	  technological	  paradigm	  of	   the	   industry.	  Thus	  we	  classify	  different	  types	  of	  firm	  knowledge	  by	  looking	  at	  the	  technological	  domains	  that	  knowledge	  is	  more	   likely	   to	   impact,	   and	   its	   proximity	   technological	   paradigm	   of	   the	  industry	   (i.e.	   knowledge	   specificity,	   knowledge	   complementarity	   in	  industry-­‐related	   domains	   and	   knowledge	   complementarity	   in	   industry-­‐unrelated	   domains).	   Extant	   literature	   has	   recognized	   the	   opposite	   effects	  that	   technological	   distance	   has	   on	   innovative	   performance	   of	   new	  knowledge	  through	  technological	  novelty	  and	  absorptive	  capacity.	  Thus	  the	  first	   aim	   of	   the	   paper	   is	   the	   investigation	   of	   the	   relationship	   between	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technological	  distance	  effects	  and	  different	  type	  of	  knowledge,	  (in	  terms	  of	  specificity,	   rather	   than	   knowledge	   complementarity)	   and	   how	   this	   may	  affect	   innovative	   performance	   in	   an	   emerging	   domain.	   Finally,	   a	   recent	  literature	   discussion	   has	   highlighted	   the	   difference	   between	   a	   firm’s	  previous	  technological	  research	  experience	  and	  the	  dynamic	  firms’	  capacity	  to	   actually	   leverage	   the	   output	   of	   this	   experience	   in	   the	   throes	   of	   a	  discontinuous	  technological	  shift.	  Therefore	  a	  second	  main	  aim	  of	  the	  paper	  concerns	   the	   identification	   of	   more	   fruitful	   leveraging	   processes	   which	  firms	  may	  actually	  carry	  out	  during	  the	  development	  of	  new	  knowledge	  in	  an	  emerging	  domain.	  	  2. There	   is	   a	   need	   to	   solve	   what	   different	   schools	   of	   thought	   have	   jointly	  identified	   as	   a	   paradox:	   in	   the	   face	   of	   a	   discontinuous	   technological	   shift,	  incumbents’	  competence	  endowments	  constitute	  the	  main	  obstacle,	  and	  at	  the	   same	   time,	   the	   main	   reason	   for	   their	   success.	   Extant	   literature	   has	  considered	   the	   effect	   of	   discontinuous	   technological	   shifts	   on	   firm	  competencies	   in	  a	  dichotomous	  manner.	   In	  order	   to	  address	   the	  apparent	  lack	  of	   conclusive	   results	   in	   this	   field,	   there	   is	  a	  need	   for	  a	  more	  nuanced	  perspective.	   Resolving	   the	   apparent	   contradiction	   between	   different	  existing	   literature	   streams	   calls	   for	   an	   explanation	   of	   the	   specific	  circumstances	   under	   which	   the	   leveraging	   of	   existing	   competencies	  constitutes	   an	   advantage,	   and	  when	   instead	   they	   prove	   to	   be	   negative.	   In	  order	   to	   allow	   for	   this,	   we	   introduce	   the	   concept	   of	   architectural	   depth,	  which	   extends	   and	   nuances	   the	   role	   played	   by	   product	   architecture	   in	  periods	   of	   discontinuous	   technological	   change.	   Even	   in	   the	   case	   of	   the	  technological	   substitution	   of	   a	   core	   component,	   some	   competencies	   may	  need	  to	  be	  renewed	  or	  created	  ex	  novo,	  whereas	  others	  can	  be	  maintained	  and	  leveraged.	  It	  is	  proposed	  that	  the	  ability	  of	  incumbents	  to	  implement	  a	  process	   of	   competence	   leveraging	   impacting	   on	   the	   way	   in	   which	   firms	  reorganize	   their	   competence	   endowments	   can	   also	   be	   considered	   a	  manifestation	   of	   dynamic	   capabilities.	   In	   response	   to	   the	   bulk	   of	   existing	  studies	  underlining	   the	  negative	  effect	  of	  drawing	  upon	  established	   firms’	  competencies,	   we	   posit	   that	   competence	   leveraging	   under	   specific	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conditions	   can	   become	   a	   source	   of	   competitive	   advantage	   rather	   than	   a	  constraint,	  and	  that	  the	  possibility	  of	  doing	  so	  is	  related	  to	  the	  architectural	  depth	  of	  incumbents’	  product	  architectures	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   FIRST	  PART	  	  
RESEARCH	  PROBLEMS,	  RESEARCH	  QUESTIONS	  AND	  MAIN	  
CONTRIBUTIONS	  	  
WHAT	  EXPLAINS	  	  THE	  SUCCESS	  IN	  AN	  EMERGING	  
TECHNOLOGICAL	  DOMAIN?	  	  The	  recent	  innovation	  literature	  has	  dealt	  with	  the	  issue	  of	  technological	  evolution	  in	   several	  ways.	  A	  prominent	   case	   in	  point	   concerns	  discontinuous	   technological	  shifts	   like	   the	   emergence	   of	   a	   new	   technological	   domain.	   So	   when	   an	   emerging	  domain	  arises	  within	  a	  technological	  paradigm	  of	  an	  industry,	  firms	  are	  faced	  with	  the	  difficulty	  of	  challenging	  existing	  technological	  endowment	  in	  order	  to	  foster	  its	  renewel.	   Related	   to	   this	   issue,	   researchers	   have	   begun	   to	   acknowledge	   the	  relevance	   of	   the	   dynamic	   processes	   by	   which	   firms	   manipulate	   their	   resource	  endowments	   (Teece	   et	   al.,	   1997,	  Helfat	   et	   al.,	   2007,	  Teece,	   2007,	  Eisenhardt	   and	  Martin,	   2000).	   For	   example	   new	   product	   development	   has	   been	   considered	   a	  typical	  context	  for	  the	  emergence	  of	  dynamic	  capability	  because	  of	  its	  implications	  for	  the	  resources	  configuration	  of	  the	  firm	  (Danneels,	  2002,	  Eisenhardt	  and	  Martin,	  2000).	  More	   in	   general,	   they	   refer	   to	   the	   concept	   of	   dynamic	   capabilities	   as	   the	  capacity	  of	  an	  organization	   to	  create,	  extend,	  or	  modify	  a	   firm’s	  resource	  base	   in	  order	   to	  maintain	  a	   sustainable	  competitive	  advantage	   (see	  Helfat	  2007).	   In	   fact,	  even	   when	   firms	   are	   able	   to	   recognize	   emerging	   technologies	   early	   on	  (Christensen	  and	  Rosenbloom,	  1995,	  Levitt	   and	  March,	  1988),	   they	  will	   still	   face	  the	  challenge	  of	  leveraging	  existing	  technological	  endowment	  on	  the	  one	  hand,	  and	  developing	   new	   technologies	   in	   a	   proper	   fashion	   on	   the	   other.	   Although	   many	  efforts	   have	   been	   made,	   what	   actually	   affects	   the	   success	   in	   an	   emerging	  technological	  domain	   is	   still	   open	   for	  debate	   in	   the	   current	   literature.	   Success	   in	  this	  case	  implies	  the	  firm’s	  capacity	  to	  generate	  innovative	  and	  fruitful	  knowledge	  (Nooteboom	  et	  al.,	  2005,	  Rosenkopf	  and	  Nerkar,	  2001,	  Cattani,	  2005).	  For	  example,	  some	   studies	   have	   considered	   the	   role	   of	   “second	   orders	   competence”,	   as	   that	  firm’s	   ability	   to	   create	   innovative	   knowledge	   through	   the	   recombination	   and	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leverage	   of	   existing	   knowledge	   across	   technological	   and	   organizational	  boundaries.	  Nevertheless	  they	  do	  not	  specifically	  consider	  the	  case	  in	  which	  firms	  face	  the	  challenge	  of	  entering	  into	  an	  emerging	  and	  technologically	  shifting	  domain	  (Rosenkopf	   and	   Nerkar,	   2001,	   Cassiman	   et	   al.,	   2008).	   Other	   research	   has	  investigated	  the	  role	  of	  science	  in	  fostering	  drivers	  of	  inventors’	  search	  processes.	  They	  demonstrated	  that	  science	  references	  are	  able	  to	  lead	  research	  directly	  to	  the	  more	   fruitful	   knowledge	   combinations,	   eliminating	   potentially	   dead	   paths	   and	  motivating	  inventors	  to	  continue	  in	  other	  paths	  even	  in	  the	  face	  of	  initial	  negative	  results	   (Fleming	   and	   Sorenson,	   2004).	   Still	   other	   studies	   have	   focused	   on	  identifying	   the	   most	   fruitful	   searching	   strategies	   to	   develop	   breakthrough	  innovations,	  such	  as	  experimenting	  in	  technologies	  which	  are	  	  new	  to	  the	  firm,	  new	  to	  industry	  or	  brand	  new	  (Ahuja	  and	  Lampert,	  2001).	  Podolny	  and	  Stuart	  have	  also	  tackled	   this	   issue	   from	   a	   different	   angle,	   shifting	   the	   focus	   to	   the	   technological	  niche	   and	   the	   direct	   and	   indirect	   ties	   surrounding	   a	   single	   piece	   of	   knowledge	  (Podolny	   and	   Stuart,	   1995).	   In	   particular,	   the	   authors	   argue	   that,	   “ultimate	  technological	   advance	   is	   not	   simply	   contingent	   on	   its	   inherent	   technological	  properties,	  but	  to	  a	  large	  degree	  on	  its	  niche”	  (pag.	  1226).	  At	  the	  same	  time,	  in	  this	  work	  it	  is	  also	  evident	  that	  the	  structural	  ties	  that	  rise	  over	  time	  within	  the	  niche	  are	   not	   completely	   independent	   from	   its	   technological	   properties.	   In	   fact,	   as	   the	  authors	   also	   recognize:	   “the	   extent	   to	   which	   a	   focal	   innovation	   is	   proximate	  enough	  in	  technical	  context	  to	  the	  expertise	  of	  other	  innovators,	  these	  innovators	  are	   likely	   to	  build	  upon	  the	   focal	   innovation”	  (pag.	  1226).	  Therefore	  the	   intrinsic	  technological	  domains	  on	  which	  new	  knowledge	  is	  set	  can	  be	  considered	  as	  critical	  for	   its	  actual	   future	  use.	  Moreover,	   the	   impact	  of	  new	  knowledge	   in	  an	  emerging	  domain	  actually	  concerns	  not	  only	  the	  matter	  of	  technological	  distance	  with	  other	  innovators.	   But	   it	   also	   concerns	   the	   distance	   with	   those	   domains	   which	   have	  previously	   characterized	   the	   technological	   paradigm	   of	   the	   industry	   and,	   more	  precisely,	   with	   those	   likely	   to	   characterize	   the	   future	   industry	   paradigm.	  Evolutionary	   theorists	   in	   fact,	   that	   new	   paradigms	   do	   not	   only	   emerge	   as	   the	  emergence	  of	  a	  single	  technology,	  but	  rather	  as	  the	  result	  of	  hybridizing	  different	  technologies	   ‘into	   a	   common	  application	   context’,	   (Levinthal,	   1998).	  This	   implies	  that	   an	   emerging	   radical	   technology,	   even	   if	   initially	   distant	   from	   the	   industry	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paradigm,	  is	  doomed	  to	  become	  linked,	  with	  those	  established	  technologies	  likely	  to	  characterize	  the	  new	  configuration	  of	  paradigm.	  	  
Technological	  distance	  framework	  and	  type	  of	  knowledge	  Based	   on	   these	   considerations,	   it	   is	   possible	   to	   assume	   the	   perspective	   of	  technological	  distance	  framework	  (Gilsing	  et	  al.,	  2008,	  Wuyts	  et	  al.,	  2005)	  in	  order	  to	   explain	   the	   firm’s	   success	   in	   developing	   new	   knowledge	   within	   an	   emerging	  domain.	   In	  this	  case	  firm’s	  knowledge	  may	  differ	  on	  the	  basis	  of	   its	   technological	  distance	   to	   the	   technological	   paradigm	   of	   the	   industry.	   Thus	   it	   is	   possible	   to	  classify	   different	   types	   of	   a	   firm	   knowledge	   by	   looking	   at	   the	   technological	  domains	   that	   knowledge	   is	   more	   likely	   to	   impact	   and	   its	   proximity	   to	   the	  technological	   paradigm	   of	   the	   industry.	   Therefore	   it	   possible	   to	   define	   three	  different	   situations:	   knowledge	   with	   high	   level	   of	   specificity	   in	   the	   emerging	  domain	  will	   initially	  have	  very	  few	  contacts	  with	  the	  industry	  paradigm	  and	  thus	  technological	   distance	   will	   be	   high;	   differently,	   knowledge	   with	   high	  complementarity	  in	  industry-­‐related	  domains	  entails	  much	  more	  contacts	  with	  the	  industry	  paradigm	  and	  consequently	  technological	  distance	  will	  be	  lower;	  the	  last	  case	   concerns	   knowledge	   with	   high	   complementarity	   in	   industry-­‐unrelated	  domains;	   here	   technological	   distance	   will	   be	   high,	   since	   the	   contacts	   developed	  occur	   with	   external	   domains	   not	   related	   to	   the	   industry	   paradigm.	   Moreover,	  another	   key	   aspect	   of	   this	   framework	   is	   that	   at	   the	   same	   time,	   it	   considers	   two	  opposite	   effects	   that	   technological	   distance	   has	   on	   innovative	   performance	   of	  knowledge.	   These	   opposite	   effects	   are	   driven	   by	   the	   absorptive	   capacity	   (Cohen	  and	  Levinthal,	  1990)	  and	  technological	  novelty	  which	  (Gilsing	  et	  al.,	  2008,	  Wuyts	  et	   al.,	   2005),	   in	   theory,	   both	   contribute	   to	   enhance	   the	   overall	   innovative	  performance	  of	  knowledge	  developed.	  In	  the	  case	  we	  are	  going	  to	  investigate,	  the	  possibility	   to	  have	  an	  higher	  absorptive	   capacity	   is	  due	   to	   the	  possibility	   to	   take	  advantage	   of	   research	   activities	   in	   the	   domains	   which	   are	   already	   part	   of	   the	  industry	  paradigm.	  Rather,	  an	  higher	  level	  of	  technological	  novelty	  stems	  from	  the	  possibility	   to	   both	   researching	   in	   a	   new	   domain	   like	   the	   emerging	   one,	   and	   to	  carried	   out	   fruitful	   recombination	   process	   among	   different	   domains	   (Rosenkopf	  and	  Nerkar,	  2001,	  Kogut	   and	  Zander,	  1992,	   Iansiti	   and	  Clark,	  1994,	  Fleming	  and	  Sorenson,	  2001).	  However	  different	  levels	  of	  technological	  distance	  imply	  different	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results	   in	   terms	   of	   absorptive	   capacity	   and	   technological	   novelty:	   low	   levels	   of	  technological	  distance	  generate	  high	   level	  of	  absorptive	  capacity,	  but	   low	  level	  of	  technological	   novelty;	   high	   levels	   of	   technological	   distance	   generate	   low	   level	   of	  absorptive	  capacity,	  but	  high	   technological	  novelty.	  So	  due	  to	   these	   two	  opposite	  effects	   of	   novelty	   and	   absorptive	   capacity,	   when	   firm	   is	   in	   the	   situation	   of	  developing	  new	  knowledge	  within	  an	  emerging	  domain	  it	  is	  critical	  to	  understand	  how	   to	   do	   define	   the	   right	   level	   of	   technological	   distance	   by	   choosing	   among	  	  knowledge	   with	   high	   specificity	   in	   the	   emerging	   domain,	   knowledge	   with	   high	  complementarity	   in	   industry-­‐related	  or	   industry-­‐unrelated	  domains.	  So	  based	  on	  technological	  distance	   framework,	   the	   research	  question	  we	  are	  going	   to	  answer	  is:	  
RQ1:	  how	  does	  technological	  distance	  from	  the	  industry	  paradigm	  affect	   innovative	  
performance	  of	  knowledge	  in	  the	  emerging	  domain?	  Furthermore,	  in	  the	  development	  of	  knowledge	  in	  the	  emerging	  domain	  firms	  may	  not	   only	   take	   advantage	   from	   researching	   in	   complementary	   domains,	   but	   firms	  may	   also	   actually	   build	   on	   the	   pieces	   of	   knowledge	   resulting	   from	   these	   efforts.	  Nevertheless	   many	   studies	   have	   demonstrated	   that	   having	   conducted	   previous	  technological	   experiments	   does	   not	   automatically	   imply	   the	   capacity	   to	  dynamically	   use	   and	   leverage	   such	   experience	   for	   the	   development	   of	   new	  knowledge	   (Garud	   and	  Nayar,	   1994,	   Carroll	   et	   al.,	   1996,	   Cattani,	   2005	  Danneels,	  2002,	  Danneels,	  2007).	  	  On	   the	   basis	   of	   what	   was	   argued	   above,	   it	   is	   necessary	   to	   investigate	   whether,	  beyond	  the	  mere	  research	  experimentation,	  the	  actual	   leverage	  of	  the	  knowledge	  in	  both	  the	  same	  domain,	  and	  in	  industry-­‐related	  and	  industry-­‐unrelated	  domains,	  is	  also	  affecting	  or	  not	  for	  the	  development	  of	  new	  knowledge.	  In	   order	   to	   fill	   this	   gap	   in	   research,	   we	   try	   to	   answer	   to	   the	   following	   research	  question:	  	  	  	  RQ2:	   how	   does	   different	   type	   of	   knowledge	   leveraged	   affect	   knowledge	   innovative	  
performance?	  	  	  
	  	   16	  
MAIN	  CONTRIBUTIONS	  	  In	   this	  paper	  we	  have	  attempted	  to	   identify	   the	  main	  drivers	   for	  a	   firm’s	  success	  when	   entering	   an	   emerging	   domain.	   We	   specifically	   dealt	   with	   the	   case	   of	  discontinuous	   technological	   substitution	   in	   the	   photographic	   camera,	   where	   a	  radical	  shift	  from	  chemical	  to	  digital	  technology	  has	  occurred.	  In	  general	  in	  a	  new	  technological	  paradigm,	  new	  domains	  are	  likely	  to	  emerge	  (i.e.	  digital),	  others	  may	  continue	   their	   trajectories,	   (i.e.	   optic,	   mechanical,	   electronics),	   but	   others	   are	  doomed	  to	  disappear	  (i.e.	  chemical).	  In	  case	  like	  the	  photographic	  camera	  industry,	  in	  order	  to	  compete	  in	  the	  final	  product	  market	  firms	  need	  to	  develop	  knowledge	  in	   each	   domain	   of	   the	   paradigm.	   Given	   that,	   the	   development	   of	   the	   emerging	  technology	  may	  also	  take	  advantage	  of	  the	  technological	  experience	  firms	  mature	  in	   such	   domains,	   by	   implementing	   researches	   crossing	   their	   boundaries.	   In	   that	  way	  firms	  may	  try	  to	  implement	  recombination	  processes	  and	  improve	  the	  level	  of	  novelty.	  	  In	   this	   paper	   we	   demonstrate	   that	   if	   on	   the	   one	   hand	   the	   development	   of	   new	  knowledge	   in	   the	   narrow	   emerging	   domain	   has	   a	   negative	   effect	   on	   its	  technological	  performance,	  on	  the	  other	  hand	  the	  excessive	  crossing	  in	  unrelated	  domains,	  although	  positive,	   is	  not	   the	  optimal	  solution.	  Rather	  we	  prove	   that	   the	  best	   strategy	   is	   the	   development	   of	   knowledge	   by	   the	   crossing	   towards	   the	  industry-­‐related	  domains.	   The	  main	   idea	   is	   that	   firms,	   to	   some	   extent,	  may	   reap	  benefits	  from	  the	  technological	  expertise	  in	  those	  domains	  which	  characterize	  the	  industry	   paradigm.	   Moreover	   in	   doing	   so,	   firms	   may	   also	   implement	  recombination	  processes	  among	  complementary	  domains.	  A	  critical	  assumption	  of	  the	  first	  set	  of	  the	  hypotheses	  related	  to	  this	  issue	  is	  that	  over	  time,	  firms	  active	  in	  the	   digital	   camera	   industry	   are	   supposed	   to	  mature	   technological	   experience	   in	  those	  domains	  which	  characterize	  the	   industry	  paradigm.	   In	  order	  to	  consider	  to	  what	   extent	   firms	   have	   achieved	   this,	   in	   all	   our	   analyses,	   we	   controlled	   for	   the	  research	  activities	  that	   firms	  had	  actually	  carried	  out	  over	  time	  in	  both	   industry-­‐related	   and	   industry-­‐unrelated	   domains.	   In	   this	   regard,	   we	   also	   found	   quite	  controversial	  effects:	   in	  fact,	   if	  on	  one	  hand	  previous	  research	  in	  industry-­‐related	  domains	   has	   improved	   a	   firm’s	   absorptive	   capacity	  with	   positive	   effects	   on	   firm	  performance	   in	   the	  emerging	  domain,	  on	   the	  other	  hand	  the	  analysis	  has	  proved	  
	  	   17	  
that	   researching	   in	   excessively	   remote	   technological	   domains	   may	   be	  counterproductive.	  We	  explained	  this	  result	   in	  terms	  of	  priority	   in	  the	  resources’	  allocation,	   meaning	   that	   in	   the	   face	   of	   discontinuous	   technological	   substitution,	  scattering	  research	  activities	  across	  domains	  not	  directly	  involved	  in	  the	  evolution	  of	  the	  industry	  paradigm	  may	  damage	  the	  successful	  development	  of	  knowledge	  in	  the	  emerging	  domain.	  	  Nevertheless,	   other	   studies	   have	   also	   demonstrated	   that	   having	   conducted	  previous	   technological	   experiments	  does	  not	   automatically	   entail	   the	   capacity	   to	  dynamically	   use	   and	   leverage	   such	   research	   experience	   for	   the	   development	   of	  new	  knowledge.	  Based	  on	  this	  consideration,	  we	  also	  tried	  to	  address	  the	  following	  research	  question:	  can	  we	  argue	  that	  the	  actual	  leveraging,	  beyond	  mere	  research	  experimentation,	  of	  the	  existing	  knowledge	  in	  the	  emerging,	   industry-­‐related	  and	  industry	   unrelated	   domains,	   produce	   different	   results	   on	   technological	  performance?	   The	   analysis	   conducted	   demonstrated	   that	   the	   main	   patterns	   of	  results	  on	  knowledge	  performance	  due	  to	  the	  affected	  technological	  domains	  (i.e.	  knowledge	   complementarity	   in	   industry-­‐related	   and	   industry-­‐related	   domains)	  are	   almost	   totally	   confirmed	   by	   the	   results	   related	   to	   the	   technological	   domains	  actually	  leveraged.	  Therefore,	  the	  actual	  leverage	  of	  knowledge	  in	  complementary	  domains,	   beyond	   the	   mere	   research	   experimentation,	   proves	   to	   be	   a	   dynamic	  capacity	  which	  definitely	  increases	  the	  overall	  innovative	  performance	  also	  in	  the	  emerging	   domain.	   Furthermore	   the	   dynamic	   capacity	   to	   extend	   the	   scope	   of	  leveraging	  beyond	  the	  organizational	  boundary	  also	  proves	  to	  positively	  enhance	  overall	   performance,	   since	   it	   is	   expected	   to	   increase	   the	   variety	   of	   possible	  solutions	  to	  combine.	  	  Finally	  in	  developing	  knowledge	  with	  high	  levels	  of	  complementarity	  in	  industry-­‐related	   domains	   and	   in	   the	   actual	   leveraging	   of	   knowledge	   in	   industry-­‐related	  domains,	   firms	   are	   also	   able	   to	   reconcile	   two	   theoretically	   divergent	   activities:	  exploration	   i.e.	   the	   pursuit	   of	   new	   knowledge	   and	   of	   things	   that	   might	   be	  discovered;	   and	   exploitation,	   i.e.	   the	   use	   and	   development	   of	   things	   already	  known..	   In	   fact,	   “an	   organization	   that	   engages	   exclusively	   in	   exploration	   will	  ordinarily	  suffer	  from	  the	  fact	  that	  it	  never	  gains	  the	  returns	  of	  its	  knowledge;	  an	  organization	   that	   engages	   exclusively	   in	   exploitation	   will	   ordinarily	   suffer	   from	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obsolescence”	   (Levinthal	   and	   March,	   1993)(pag	   105).	   Here	   exploration,	   and	  exploration	   are	   combined	   in	   what	   the	   literature	   defines	   as	   “ambidexterity”	  (O'Reilly	   and	  Tushman,	   2004,	   Tushman	   and	  O’Reilly,	   1996),	   since	   exploration	   in	  the	  emerging	  domain	  is	  carried	  out	  consistently	  with	  exploitation	  of	  knowledge	  in	  those	   domains	   which	   prove	   to	   be	   still	   functional	   for	   the	   new	   technological	  paradigm	  of	  the	  industry.	  	  	  
WHAT	  IS	  THE	  ROLE	  OF	  COMPETENCE	  LEVERAGING	  IN	  PERIODS	  OF	  
TECHNOLOGICAL	  SUBSTITUTION?	  Extant	  literature	  has	  extensively	  dealt	  with	  the	  role	  played	  by	  firm	  competencies	  in	  the	   face	  of	   technological	  shifts.	  The	  developed	  theories	  used	  to	  explain	  this	  often	  tend	   to	   apply	   dichotomous	   perspectives	   on	   innovation,	   such	   as	   radical	   vs.	  incremental,	   competence-­‐destroying	   vs.	   competence-­‐enhancing	   (Tushman	   and	  Anderson,	   1986),	   conservative	   vs.	   disruptive	   (Abernathy	   and	   Clark,	   1985),	   etc.	  Moreover,	   these	   theories	  primarily	  highlight	   the	  difficulties	   that	   firms	  encounter	  when	  a	  new	  emerging	  core	   technology	  arises.	  Nonetheless,	  even	   if	   the	  success	  of	  an	   emerging	   technology	   can	   impact	   incumbents’	   previous	   core	   competencies	  (Prahalad	   and	   Hamel,	   1990),	   this	   does	   not	   necessary	   imply	   the	   impossibility	   to	  take	   advantage	   of	   all	   those	   technological	   competencies	   that	   incumbents	   have	  developed	  before.	  On	   the	   contrary,	   it	   is	   logically	  possible	   that	   existing	   resources	  and	   competencies	   could	   also	   be	   leveraged	   to	   seize	   opportunities	   that	   emerging	  technologies	  give	   rise	   to.	  Using	   the	  Henderson	  and	  Clark	   framework	   (Henderson	  and	  Clark,	  1990),	  it	  possible	  to	  focus	  on	  the	  role	  played	  by	  existing	  competencies	  in	  the	   presence	   of	   technological	   substitution	   of	   a	   core	   product	   component,	   a	  particular	   case	   of	   discontinuous	   technological	   shift.	   The	   importance	   of	   the	  substitution	  of	  core	  component	  is	  due	  to	  the	  implications	  that	  this	  has	  on	  the	  roles	  of	   competencies	   in	   the	   complementary	   product	   components	   not	   affected	   by	   the	  substitution	  process.	   It	   is	  quite	  straightforward	   in	   fact,	   that	  competencies	   in	  new	  core	  component	  should	  be	  developed	  apart	  compared	  to	  the	  previous	  one.	  At	  the	  same	   time	   it	   is	   not	   so	   clear	   whether	   existing	   competencies	   in	   complementary	  components,	  which	  are	  not	  affected	  from	  the	  substitution	  process,	  may	  continue	  to	  be	   a	   source	   of	   competitive	   advantage	   or	   not.	   We	   propose	   that	   a	   critical	   role	   is	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played	   by	   the	   “technological	   architecture”,	   its	   related	   competencies	   and	   by	   the	  “architectural	  depth”,	  namely	  the	  extent	  to	  which	  such	  architectural	  competencies	  are	  rooted	  and	  spread	  within	  the	  organizational	  structure.	  From	  the	  seminal	  work	  of	  Henderson	  and	  Clark	  (Henderson	  and	  Clark,	  1990)	  to	  the	  current	  literature	  on	  “mirroring	   hypothesis”	   (Colfer	   and	   Baldwin,	   2010),	   the	   idea	   that	   product	  architecture,	   and	  more	   generally	   the	   technological	   patterns	  within	   the	   firm	  may	  impact	   on	   the	   organizational	   structure,	   have	   been	   widely	   disseminated.	   In	   this	  paper	  we	  refer	  to	  the	  concept	  of	  architectural	  depth,	  as	  the	  extent	  to	  which	  the	  architecture	  and	  the	  relative	  competencies	  are	  diffused	  and	  rooted	  within	  the	  firm.	  On	  one	  hand	  in	  periods	  of	  technological	  stability,	  improving	  architectural	  depth	  is	  the	   way	   by	   which	   firms	   address	   technological	   complexity	   among	   product	  components.	   On	   the	   other	   hand,	   in	   periods	   of	   technological	   substitution,	  architectural	  depth	  may	  play	  two	  hampering	  roles:	   in	   terms	  of	   inertia	  during	  the	  transition	  from	  the	  old	  to	  the	  new	  core	  component,	  and	  as	  an	  obstacle	  for	  a	  fruitful	  competence	   leveraging,	   although	   the	   latter	   aspect	   has	   not	   yet	   been	   accurately	  investigated.	   Therefore	   our	   intention	   is	   to	   answer	   to	   the	   following	   research	  question,	  	  
RQ:	  how	  does	  architectural	  depth	  affect	  leveraging	  process	  in	  periods	  
of	  technological	  substitution?	  
	  
MAIN	  CONTRIBUTIONS	  This	  paper	  draws	  on	  different	  streams	  of	  literature	  which	  converge	  in	  a	  paradox:	  in	  the	  face	  of	  a	  technological	  substitution,	  incumbents’	  technological	  endowments	  constitute	   at	   the	   same	   time	  a	  major	  obstacle	   and	  a	  key	   to	   success.	   Starting	   from	  this	  dilemma,	   it	   is	  noted	   that	   literature	  on	  radical	   innovation	  often	  considers	   the	  effect	   on	   firm	   competencies	   from	   a	   dichotomous	   point	   of	   view.	   This	   makes	   it	  impossible	  to	  go	  beyond	  the	  view	  that	  existing	  competencies	  have	  either	  a	  strictly	  positive	  or	   a	   strictly	  negative	   impact	  on	   the	   incumbents’	   capacity	   to	  bring	  about	  discontinuous	   innovations.	   We	   argue	   that	   it	   is	   necessary	   to	   escape	   from	   this	  restricting	   lens,	   in	   order	   to	   find	   a	  way	   to	   resolve	   the	  mentioned	  paradox.	   In	   the	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face	   of	   a	   discontinuous	   technological	   shift,	   there	   is	   ongoing	   debate	   as	   to	   why	  different	   incumbents	   reach	   different	   levels	   of	   performance	   even	   with	   similar	  technological	  competence	  bases.	   In	  some	  cases,	   incumbents	  are	  able	  to	  recognize	  the	  emergence	  of	  a	  new	  technology,	  and	  start	  its	  development	  in	  time	  to	  integrate	  it.	   The	   heterogeneity	   performance	   cannot	   only	   be	   justified	   with	   the	   differential	  sets	   of	   firm	   competencies,	   or	  with	   the	   capacity	   to	   develop	   new	   ones.	   Rather,	   an	  alternative	   way	   to	   address	   the	   heterogeneity	   of	   incumbent	   performance	   is	   to	  understand	  how	  such	  competencies	  are	  developed	  and	  whether	  or	  not	   they	   take	  advantage	  of	  the	  relevant	  competencies	  that	  the	  firms	  have	  already	  developed.	  	  During	   this	   process,	   some	   existing	   competencies	   may	   constrain	   the	   firm,	   but	  others,	  at	  the	  same	  time,	  can	  constitute	  a	  source	  of	  competitive	  advantage	  and	  thus	  need	  to	  be	  maintained	  and	  leveraged.	  For	  this	  reason	  a	  particular	  ability	  of	  a	  firm	  is	   its	   capability	   to	   leverage	   existing	   competencies.	   With	   this	   as	   our	   point	   of	  departure,	   our	   aim	   is	   to	   contribute	   to	   the	   extant	   literature	   by	   arguing	   that	  competence	  leveraging,	  in	  the	  same	  way	  as	  the	  ability	  to	  create	  new	  competencies,	  can	   be	   seen	   as	   a	   dynamic	   capability	   because	   of	   it	   impacts	   on	   the	  way	   in	  which	  firms	  reorganize	  their	  resource	  endowments	  and	  as	  a	  result,	  on	  firm	  performance.	  The	  leveraging	  of	  competencies,	  in	  fact,	  allows	  firms	  to	  extract	  the	  potential	  value	  of	  those	  resources	  which	  they	  have	  already	  developed	  and	  can	  also	  be	  considered	  relevant	   in	   the	   new	   competitive	   landscape.	   However	   just	   as	   firms	   may	   fail	   in	  developing	  new	  competencies,	  they	  may	  also	  fail	  in	  using	  those	  competencies	  that	  they	  have	   already	  developed.	   For	   this	   reason,	   leveraging	   can	  be	   seen	   as	   another	  key	   factor	   explaining	   the	  heterogeneity	   of	   incumbent	  performance	   in	   the	   face	   of	  discontinuous	   technological	   shifts.	   In	   particular,	   the	   critical	   problem	   that	   this	  paper	   has	   addressed	   concerns	   the	   understanding	   of	   the	   conditions	   under	  which	  such	   leveraging	   should	  be	  managed.	  For	   example,	   according	   to	  Danneels	   (2007),	  leveraging	  is	  a	  process	  of	  competence	  de-­‐linking	  and	  competence	  re-­‐linking,	  which	  can	  be	  impeded	  by	  factors	  such	  as	  an	  excessive	  impetus	  in	  serving	  prior	  customers	  (customer	   competence	   trap)	   and	   a	   lack	   of	   “second	   order	   capabilities”	   for	  developing	   new	   customer	   competencies	   (marketing	   competence	   gap).	  Acknowledging	   the	   importance	   of	   Danneels	   (2007),	   our	   analysis	   is	   extended	   to	  also	   incorporate	   the	   technological	   endowments	   of	   incumbents	   in	   a	   more	   direct	  way:	  in	  the	  same	  way	  incumbents’	  involvement	  in	  current	  customers	  can	  generate	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rigid	   cognition	   schemes	   and	   resulting	   “customer	   competence	   traps”,	   existing	  technological	   competencies,	   in	  particular	   related	   to	   the	  product	  architecture,	   can	  hamper	  incumbents	  in	  periods	  of	  technological	  substitution.	  Thus,	  building	  on	  the	  concept	  of	  product	  architecture	  and	  the	  related	  mirroring	  hypothesis,	  we	  propose	  the	   concept	   of	   “architectural	   depth”,	   capturing	   the	   extent	   to	   which	   the	   old	  architecture	   and	   the	   relative	   competencies	   are	   rooted	   and	   structured	   within	   a	  firm,	   and	   elaborate	   on	   its	   specific	   role	   in	   the	   process	   of	   leveraging	   existing	  competencies.	  We	  argue	  that	  leveraging	  complementary	  component	  competencies	  may	  have	  a	  positive	  effect	  on	   incumbent	  performance,	   even	   though	   that	  effect	   is	  negatively	  moderated	  by	  the	  depth	  of	  the	  architecture	  to	  which	  those	  components	  were	   previously	   linked.	   The	   higher	   the	   architectural	   depth,	   the	   more	  complementary	  component	  competencies	  and	  prior	  architectures	  are	   linked,	  and	  the	  lower	  the	  positive	  effect	  of	  leveraging.	  	  In	   high	   technology	   industries,	   in	   which	   products	   can	   be	   regarded	   as	   an	  architecture	   of	   technological	   components,	   the	   phenomenon	   of	   technological	  substitution	  is	  a	  key	  driving	  factor	  of	  innovation,	  in	  particular	  when	  affecting	  core	  components.	   In	  such	  a	  context	   the	  proposed	  contribution	  ma	  be	   truly	  applicable.	  Also	   the	   framework	   offered	   by	   Henderson	   and	   Clark	   (1990)	   is	   quite	  straightforward	   in	   orienting	   managers	   in	   thinking	   of	   products	   as	   structures	  articulated	   in	   terms	  of	   components	  and	  architectures.	  From	   that	   framework	   it	   is	  clear	  that	  in	  case	  of	  the	  technological	  substitution	  of	  a	  core	  component,	  managers	  should	   focus	   both	   on	   competencies	   in	   the	   emerging	   technology	   and	   in	   the	   new	  architecture.	   However,	   little	   is	   said	   about	   those	   existing	   product	   component	  competencies	  that	  are	  not	  affected	  by	  the	  substitution	  process,	  but	  continue	  to	  be	  embedded	  also	  in	  the	  new	  product	  architecture.	  In	  order	  to	  fill	  this	  gap,	  we	  suggest	  that	   firms	   have	   to	   take	   into	   consideration	   such	   competencies	   as	   a	   source	   of	  competitive	   advantage	   but	   at	   the	   same	   time	   acknowledge	   the	   potential	   negative	  effect	  of	  architectural	  depth	  on	  the	  possibility	  to	  leverage	  them	  fruitfully.	  	  Because	   of	   the	   strictly	   theoretical	   nature	   of	   this	   paper	   a	   relevant	   continuation	  would	   be	   the	   execution	   of	   an	   empirical	   analysis	   in	   which	   both	   the	   dynamics	   of	  competence	  renewal	  and	  incumbent	  performance	  are	  investigated	  in	  the	  face	  of	  a	  technological	   substitution	   of	   a	   core	   component.	   A	   main	   challenge	   in	   this	   case	  would	  be	  the	  measure	  of	  technological	  competencies,	  especially	  those	  referring	  to	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the	  product	  architecture.	  Potential	  settings	   to	  develop	  a	  quantitative	  analysis	  are	  many,	  such	  as	  the	  digital	  music	  player,	  the	  fuel-­‐cell	  engine,	  the	  LCD	  TV,	  the	  digital	  camera	  and	  so	  on.	   In	  doing	   this,	   two	  other	  criticalities	  need	  to	  be	  addressed:	   the	  understanding	   of	   whether	   and	   how	   the	   product	   components	   and	   the	   product	  architecture	   change;	   and	   the	   explanation	   of	   the	   competence	   leveraging	   process,	  something	  which	  stands	  out	  as	  interesting	  areas	  of	  future	  research.	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METHODOLOGY	  OF	  RESEARCH	  	  
EMPIRICAL	  SETTINGS	  In	   order	   to	   address	   our	   specific	   tasks,	  we	  have	   investigated	   the	   evolution	   of	   the	  photographic	  camera	  industry.	  There	  are	  several	  reasons	  for	  this	  choice.	  First	  of	  all	  the	   imaging	   industry	   has	   undergone	   a	   discontinuous	   technology	   substitution	  between	   hitherto	   disparate	   domains	   of	   knowledge,	   from	   chemical	   to	   digital.	   For	  many	  years,	  chemical	  technology	  has	  strongly	  affected	  the	  technological	  paradigm	  of	   the	   photographic	   industry.	   Nevertheless	   in	   2003,	   digital	   cameras	   largely	  surpassed	   chemical-­‐based	   cameras.	   	  Nowadays	   they	   account	   for	   less	   than	  1%	  of	  total	   world	   revenues	   (DATAMONITOR,	   2009),	   and	   digital	   technologies	   have	  become	  the	  new	  core	  technology.	  Furthermore	  the	  decision	  to	  place	  our	  empirical	  settings	   in	   the	   photographic	   camera	   also	   stems	   from	   the	   specific	   nature	   of	   this	  product,	   in	   which	   it	   is	   possible	   to	   clearly	   distinguish	   the	   different	   embedded	  technological	   components.	   Finally,	   despite	   the	   novelty	   of	   the	   digital	   camera,	   this	  industry	  is	  mature	  enough	  to	  provide	  useful	  data	  for	  this	  research.	  
Product	  components	  of	  the	  Photographic	  camera	  As	   Ghosh	   and	   Pennings	   (Ghosh	   and	   Pennings,	   2008)	   explain,	   the	   photographic	  camera	  has	  usually	  involved	  two	  main	  technological	  aspects.	  The	  first	  concerns	  the	  whole	   set	   of	  mechanisms	  which	   characterize	   the	   overall	   product’s	   functionality.	  These	   are:	   the	   optical	   system,	   the	   mechanical	   and	   electrical	   systems,	   and	   the	  external	  tools	  (e.g.	  flash).	  The	  second	  and	  more	  relevant	  aspect	  concerns	  the	  main	  technology	   for	   image	   capturing,	   which	   can	   be	   seen	   as	   the	   core	   element	   of	   the	  overall	  system.	  From	  the	  beginning,	  photographic	  cameras	  have	  always	  relied	  on	  chemical	   technologies.	   In	   this	   technology,	   the	  photographic	   image	  was	  generated	  from	  the	  interaction	  between	  the	  silver	  halide	  of	  the	  film	  and	  the	  light	  waves.	  The	  introduction	  of	  digital	  technologies	  has	  triggered	  a	  revolution	  in	  several	  aspects	  of	  the	   imaging	   field,	   like	   image	   capturing	   and	   its	   related	   storage,	  manipulation	   and	  display.	  Despite	  the	  fact	  that	  the	  first	  digital	  imaging	  technologies	  emerged	  during	  the	   1970’s,	   and	   that	   the	   first	   digital	   camera	   prototype	  was	   unveiled	   by	   Sony	   in	  1981	  with	  the	  pioneering	  Mavica,	  the	  real	  commercial	  advent	  of	  the	  digital	  camera	  occurred	  only	  in	  the	  second	  half	  of	  the	  1990’s.	  The	  CCD	  (charge-­‐coupled	  devices),	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the	   main	   digital	   technology,	   has	   gradually	   replaced	   the	   traditional	   film-­‐based	  photography	  (Benner	  and	  Tushman,	  2002,	  Tripsas	  and	  Gavetti,	  2000),	  because	  of	  its	   capacity	   to	   convert	   light	   images	   into	   binary	   data.	   More	   recently,	   a	   renewed	  generation	  of	  sensors,	  the	  CMOS	  (Combined	  Metal	  oxide	  Semiconductor)	  has	  been	  replacing	  CCD	  thanks	  to	  its	  superior	  performance	  in	  terms	  of	  energy	  consumption	  and	  cost.	   	  Moreover,	  digital	  format,	  instead	  of	  the	  classical	  chemical	  film,	  pictures	  are	   basically	   treated	   as	   electronic	   data,	   implying	   that	   storage,	   transmission	   and	  elaboration	   processes	   occur	   electronically.	   On	   one	   hand,	   this	   did	   not	  modify	   the	  main	  role	  of	  the	  complementary	  camera’s	  components	  like	  the	  optical	  system,	  the	  mechanical	   system	   and	   electrical	   system,	   or	   the	   external	   tools	   (i.e.	   flash).	   For	  example,	  the	  role	  of	  optics	  is	  still	  to	  focus	  and	  carry	  light	  into	  the	  camera.	  Similarly	  the	  role	  of	  the	  mechanical	  system	  continues	  to	  be	  the	  movement	  of	  the	  optics.	  On	  the	  other	  hand,	  new	  problems	  regarding	  the	  specific	  use	  of	  digital	  technology	  arise	  and	  require	  brand	  new	  solutions	  which	  are	  different	  from	  chemical	  based	  cameras,	  such	   as	   the	   elaboration	  of	   the	   image	  by	   the	  processor	   and	   its	   storage	   in	   specific	  storage	  devices.	  The	  microprocessor	   chip	  has	   the	   specific	   controls	  of	   the	   camera	  operations:	  it	  manages	  the	  whole	  product	  functionalities	  and	  converts	  the	  numeric	  data	   coming	   from	   the	   sensor	   in	   a	   digital	   format	   image.	   The	   storage	   device	   is	  generally	  a	  removable	  media	  storage	  card	  or	  micro	  drive,	  which	  actually	  plays	  the	  other	  main	  role	  previously	  played	  by	  the	  old	  film	  roll.	  Even	  if	  both	  this	  components	  were	  not	  been	  originally	   considered	  photographic	   components,	   over	   time	   	   	   their	  specific	   applications	   have	   been	   developed	   for	   photographic	   use,	   affecting	   the	  success	  of	  digital	  camera.	  	  
RESEARCH	  DESIGN	  	  As	  explained	  above,	   in	  our	   framework,	  we	  use	   the	   term	   technological	  domain	   to	  mean	   a	   set	   of	   solutions	   of	   selected	   technological	   problems	   based	   on	   “selected	  material	   technologies”	   (Dosi,	   1982)	   and	  which	   entails	   specific	   knowledge,	   skills,	  and	   competences.	   In	   the	   photographic	   setting,	   the	   described	   technological	  components	   tend	   to	   substantially	   overlap	   with	   coherent	   and	   circumscribed	  technological	  domains.	  In	  order	  to	  measure	  the	  knowledge	  firms	  developed	  within	  such	  domains,	  we	  used	  patents	  (Hall	  et	  al.,	  2001).	  In	  fact,	  although	  patents	  are	  not	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able	  to	  measure	  all	  the	  competencies	  held	  by	  firms,	  researchers	  have	  increasingly	  employed	  them	  as	  indicators	  of	  the	  technological	  knowledge	  of	  the	  firms	  (e.g.,	  Jaffe	  1986,	   Patel	   and	  Pavitt	   1994,	   Stuart	   and	  Podolny	   1996,	   Silverman	  1999,	   Fleming	  and	  Sorenson	  2001;	  Cattani	  2005,	  (Anand	  et	  al.,	  2009),	  especially	  in	  contexts	  like	  the	   imaging	   industry,	   where	   firms	   tend	   to	   use	   patents	   to	   protect	   their	  technological	   endowment	   (Benner	   and	   Tushman	   2002;	   Srinivasan,	   R.,	   P.	  Haunschild,	   et	   al.	   2007;	   Ghosh	   and	   Pennings	   2008).	  Moreover	   The	   Patent	   Office	  usually	   only	   grants	   patents	   which	   prove	   to	   be	   useful,	   non-­‐obvious	   and	   make	   a	  substantial	   contribution	   to	   the	   state	  of	   the	  art	  of	   the	   relative	   technological	   class.	  For	   this	   reason,	   patents	   can	   be	   seen	   as	   a	   real	   manifestation	   of	   new	   knowledge	  developed	  by	  the	  firms.	  Moreover	  patents	  also	  reveal	  other	  important	  information	  that	  can	  be	  used	  for	  our	  aims.	  The	  most	  relevant	  is	  the	  technological	  class	  	  which	  patents	  are	  likely	  to	  impact.	  To	  this	  end,	  the	  granting	  process	  (see	  USPTO	  Granting	  Guide,	  but	  also	  other	  patent	  institutions)	  requires	  that	  every	  patent	  must	  have	  one,	  and	   only	   one,	   principal	   mandatory	   classification.	   This	   is	   known	   as	   “Original	  Classification”	   (OR),	   and	   concerns	   the	   subject	  matters	   for	  which	   it	   voluntarily	  or	  involuntarily	   makes	   claims	   (claimed	   or	   unclaimed	   invention	   information).	   This	  classification	  is	  composed	  of	  the	  combination	  of	  one	  class	  and,	  within	  this	  class,	  a	  more	  specific	  subclass.	  For	  example	  “exposure	  control	  system	  responsive	  to	  focal	  length”	  is	  classified	  as	  Original	  Classification	  in	  the	  396/63	  (class/subclass).	  It	  may	  also	  occur	   that,	  a	  supplementary	  classification	   is	  used	  when	  the	  patent	   is	  able	   to	  teach	   more	   than	   one	   concept	   (claimed	   or	   unclaimed).	   In	   this	   case	   the	   further	  subject	  matters,	  other	  than	  the	  OR	  Classification,	  are	  designed	  as	  “Cross-­‐Reference	  Classifications”	  (XR).	  Therefore	  Cross-­‐Reference	  Classifications	  characterize	  those	  patents	  having	  an	  effect	  in	  different	  domains	  of	  application	  at	  the	  same	  time.	  	  From	   our	   point	   of	   view,	   this	   classification	   system	   is	   particularly	   useful	   to	   the	  extent	   that,	   thanks	   to	   the	   Original	   Classification	   and	   to	   Cross-­‐Reference	  Classification,	  it	  makes	  it	  possible	  to	  link	  the	  technological	  classes	  of	  each	  patent	  to	  the	  specific	  product	  components	  embedded	  in	  the	  photographic	  camera.	  	  
Methods	  	  In	  order	  to	  track	  technological	  knowledge	  by	  patents,	  two	  steps	  have	  been	  taken.	  First	   of	   all	   it	   was	   important	   to	   choose	   what	   product	   components	   of	   the	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photographic	  camera	  to	  consider	  as	  relevant	   in	  the	  product	  architecture.	  Then,	   it	  was	  necessary	  to	  link	  the	  technological	  domain	  of	  each	  product	  component	  within	  the	   12	   patent	   classes	   previously	   selected	   (Benner	   and	   Tushman	   2002;	   Cattani	  2005).	   In	   our	   sample	   we	   focus	   on	   patents	   granted	   in	   the	   those	   classes	   which	  previous	   literature	   has	   considered	   as	   relevant	   for	   the	   imaging	   industry	   and	   for	  photographic	   cameras,	   i.e.	   Benner	   and	   Tushman	   (2002),	   and	   Srinivasan	   and	  Haunschild	  (2007).	  The	  patent	  classes	  are	  the	  following:	  	  – radiant	  energy	  (250);	  	  – computer	   graphics	   processing,	   operator	   interface	   processing,	   and	   selective	  visual	  display	  systems	  (345);	  	  – television	  (348);	  	  – photocopying	  (355);	  	  – optics:	  measure	  and	  testing	  (356);	  	  – optics:	  systems	  (including	  communication	  and	  elements)	  (359);	  	  – dynamic	  magnetic	  information	  storage	  or	  retrieval	  (360);	  	  – image	  analysis	  (382);	  	  – television	  signal	  processing	  for	  dynamic	  recording	  or	  reproducing	  (386);	  – photography	  (396);	  	  – stock	  material	  or	  miscellaneous	  articles	  (428);	  	  radiation	  imagery	  chemistry:	  process,	  composition	  or	  product	  (430).	  	  It	  is	  import	  to	  specify	  that	  the	  decision	  to	  consider	  all	  these	  patent	  classes,	  and	  not	  only	   the	   specific	   photography	   class	   (396),	   stems	   from	   the	   particular	   nature	   of	  technological	   knowledge.	  Technologies	   in	   general	   are	  not	   clearly	  provided	   for	   in	  any	   one	   class,	   and	  may	   develop	   in	  more	   than	   one	   class	   simultaneously	   (USPTO	  Guide,	  Dec.	  2009).	  In	  fact,	  even	  if	  classes	  are	  ‘mutually	  exclusive’,	  meaning	  that	  the	  subject	  matter	   provided	   for	   by	   one	   class	   does	   not	   overlap	   that	   provided	   for	   by	  another,	  emerging	  technologies	  such	  as	   	  digital	  technology,	  which	  initially	  had	  no	  clear	  definition,	  may	  have	  different	  effects	  in	  several	  technological	  classes.	  	  Two	   	   specialists	   from	   “Centro	   Nazionale	   delle	   Ricerche”	   (CNR)	   and	   “Istituto	  Nazionale	  di	  Ottica	  Applicata”	  (INOA)	  have	  been	  involved	  in	  	  	  carrying	  out	  the	  	  two	  steps	  of	  tracking	  patents.	  .	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For	   the	   first	   step	   the	   following	   product	   components	   were	   identified:	   the	   digital	  sensor,	  the	  processor,	  digital	  storage,	  optics,	  mechanics,	  electronics,	  external	  staff,	  and	  chemical	  film.	  In	  particular,	  the	  first	  three,	  i.e.	  the	  digital	  sensor,	  processor	  and	  digital	  storage,	  were	  considered	  as	  substantially	  part	  of	   the	  emerging	   technology	  domain	   since	   they	   specifically	   and	   exclusively	   account	   for	   the	   application	   of	  digital-­‐based	   technology	   to	   the	   photographic	   camera.	   The	   optics,	   mechanics,	  electronics	  and	  external	  staff	  were	  considered	  as	   industry-­‐related	  domains,	  since	  they	  refer	  to	  those	  sets	  of	  technologies	  	  	  also	  used	  in	  both	  the	  previous	  and	  the	  new	  industry	  paradigm.	  All	  other	   technological	   classes	  of	   company	  patents	   	  which	  do	  not	  belong	   to	   the	  photography	  patent	  classes	  mentioned	  before	  were	  considered	  as	   industry-­‐unrelated	   domains.	   Finally,	   we	   excluded	   chemical	   domain	   and	   the	  corresponding	   classes	   from	   the	   analysis	   because	   of	   their	   reference	   to	   the	  substituted	  old	  technology.	  	  Concerning	   the	   second	   step,	   the	   linking	   process	   focused	   on	   the	   mainline-­‐subclasses	   of	   the	   12	   patent	   classes	   mentioned	   before.	   Mainline-­‐subclasses	   are	  those	  subclasses	  which,	  having	  an	  “indent	  level”	  of	  zero,	  provide	  the	  main	  subject	  matters	   within	   each	   patent	   class.	   Their	   role	   is	   quite	   relevant	   because	   all	   other	  subclasses	  within	  the	  patent	  class	  which	  have	  an	  indent	  level	  higher	  than	  zero	  are	  subordinated	  to	  them.	  Thus	  the	  process	  concerned	  the	  linking	  of	  all	  the	  mainline-­‐subclasses	  belonging	  to	  the	  12	  patent	  classes	  to	  the	  technological	  domains	  we	  set	  before.	   Obviously	   not	   all	   mainline-­‐subclasses	   found	   a	   direct	   match	   with	   our	  product	  components.	  For	  this	  reason,	  only	  the	  mainline-­‐subclasses	  having	  a	  direct	  connection	  with	   the	   selected	   technological	   domains	  were	   reclassified	   among	   the	  industry-­‐related	   domains	   or	   in	   the	   emerging	   domains.	   All	   others	   were	   simply	  considered	  as	  industry-­‐unrelated	  domain.	  	  
Sample	  	  The	   sample	  has	  drawn	   from	   the	   segment	  of	   firms	  operating	   in	   the	  photographic	  industry	  which	  have	  launched	  at	  least	  one	  digital	  camera	  and	  for	  which	  patent	  data	  were	  available.	  In	  order	  to	  select	  these	  firms,	  we	  compared	  the	  three	  most	  popular	  websites	  concerning	  digital	  cameras:	  Digital	  Photo	  Review’s,	  PC	  Photo	  and	  Popular	  Photography.	   (Benner	   and	   Tushman,	   2002,	   Srinivasan	   et	   al.,	   2007)	   .	   The	   firms	  selected	  within	  the	  sample	  are:	  Agfa,	  Canon,	  Casio,	  Contax,	  Epson,	  Fuji,	  HP,	  Kodak,	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Konica,	   Kyocera,	   Leica,	   Minolta,	   Nikon,	   Panasonic,	   Pentax,	   Ricoh,	   Olympus,	  Samsung,	   Sanyo,	   Sigma,	   Sony,	   and	  Toshiba.	   Information	  on	  patent	  data	  has	  been	  collected	   from	   the	   U.S.	   Patent	   and	   Trademark	   Office	   for	   patents	   granted	   by	   the	  firms	   in	   the	   sample	   from	   1975	   until	   2011.	   However,	   consistently	  with	   previous	  contributions	  in	  field	  (Hall	  et	  al.,	  2001,	  Cattani,	  2005),	  in	  our	  dataset	  we	  consider	  patents	   on	   the	   basis	   of	   their	   actual	   submission	   date	   to	   the	   USPTO	   and	   not	   the	  granting	   date.	   This	   is	   because	   the	   granting	   process	   takes	   a	   period	   of	   time	   for	  evaluating	   the	  possibility	  of	   granting	  a	  potential	  patent	   (USPTO	  Granting	  Guide).	  Thus	  looking	  at	  the	  submission	  date,	  we	  have	  a	  better	  idea	  of	  the	  moment	  in	  which	  new	  knowledge	  is	  actually	  developed.	  Operatively	   the	   relevant	   information	   directly	   extracted	   from	   the	   USPTO	   	   was:	  Patent	   Number,	   Assignee	   Name,	   Assignee	   State,	   Issue	   Date,	   Application	   Date,	  Current	   US	   Original	   Classification,	   Current	   US	   Cross	   References	   Classification,	  Other	  References	  and	  Claims).	  Finally,	  the	  overall	  sample	  was	  composed	  of	  28479	  patents,	   in	  which	   2100307	   future	   citations	   and	   the	   2167685	   backward	   citations	  available	  were	  summarized.	  	  
Dependent	  variable	  and	  model	  specification	  We	   estimate	   the	   value	   of	   knowledge	   innovative	   performance	   in	   the	   emerging	  domain	  by	  citations	  which	  digital	  patents	  received	   from	  other	   firms’	  patents.	  We	  chose	   this	  measure	   because	   our	   aim	   is	   to	   highlight	   those	   patents	  which	   actually	  contribute	   to	   the	   creation	   of	   useful	   knowledge	   in	   the	   emerging	   technological	  domain.	  	  We	  did	  not	  use	  patent	  counts	  in	  the	  emerging	  domain	  as	  a	  measure	  of	  innovative	  performance	  since	  these	  can	  be	  questioned	  on	  several	  grounds.	  First	  of	  all	  there	  is	  the	  matter	  of	  the	  degree	  analysis,	  since	  in	  our	  paper	  we	  do	  not	  address	  the	  issue	  of	  general	  patent	  productivity	  of	   the	   firm.	   Instead,	  we	   look	  at	   the	   characteristics	  of	  knowledge	   and	   the	   paths	   taken	   by	   the	   firms	   for	   patent	   development.	   In	   fact,	  although	  patent	  count	  indicates	  a	  firm’s	  R&D	  productivity,	  it	  does	  not	  constitute	  a	  good	  proxy	  for	  the	  value	  of	  the	  granted	  patents	  (e.g.,	  Griliches	  et	  al.	  1987,	  Scherer	  1965,	  Hall	  2000).	  Therefore	  although	   the	  propensity	   to	  patent	  may	  differ	  among	  firms,	  not	  all	  patented	  inventions	  are	  turned	  into	  future	  technological	  development	  (see	   Hall	   et	   al.	   2001,	   Hall	   and	   Ham-­‐Ziedonis	   2001),	   since	  many	   of	   them	   have	   a	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marginal	   actual	   relevance	   and	   do	   not	   reflect	   any	   truly	   distinctive	   or	   significant	  implication.	   Particularly	   in	   R&D-­‐intensive	   industries,	   like	   the	   photographic	  industry,	   the	   number	   of	   citations	   a	   patent	   receives	   from	   other	   patents	   is	   an	  accurate	  measure	  of	   innovative	  performance,	  affording	  a	  closer	  estimation	  of	   the	  actual	  value	  of	  the	  focal	  patents	  (e.g.,	  Griliches	  1981,	  1990;	  Trajtenberg	  1990a,	  b).	  In	  such	  a	  context	  forward	  citations	  prove	  “that	  the	  cited	  patents	  opened	  the	  way	  to	  a	   technologically	   successful	   line	   of	   innovation.	   Thus,	   if	   citations	   keep	   coming,	   it	  must	  be	  that	  the	  innovation	  originating	  in	  the	  cited	  patent	  had	  indeed	  proven	  to	  be	  valuable”	  (Trajtenberg	  1990a,	  p.	  174).	  Several	  other	  studies	  have	  also	  investigated	  the	  positive	  relation	  between	  patent	  citations	  and	  market	  value	  of	  the	  firm	  (Shane	  and	   Klock	   1997,	   Hall	   2000,	   Hall	   et	   al.	   2001),	   as	   well	   as	   other	   performance	  indicators	   like	   company	   sales	   and	   profits	   (see	   Narin	   et	   al.	   2001).	   Thus	   it	   is	  accepted	  that	  patents	  which	  are	  more	  frequently	  cited	  by	  subsequent	  patents	  tend	  to	  be	  the	  most	  valuable	  for	  firms	  (Harhoff	  et	  al.	  1999).	  	  Thus,	  in	  our	  sample,	  we	  collected	  future	  citations	  for	  all	  patents	  firms	  granted	  over	  the	  period	  of	  study	  (1975-­‐2011),	  up	  to	  April	  2011	  from	  USPTO.	  Then	  we	  organized	  patents	   in	   a	   panel	   structure	   based	   on	   the	   filing	   year,	   and	   since	   patents	   filed	   in	  earlier	  years	  are	  exposed	  to	  the	  risk	  of	  being	  cited	  for	  a	  longer	  period,	  we	  defined	  a	  panel	  of	   sliding	  windows	   in	   three	  different	   scopes:	  5	  years,	  7	  years,	  10	  years.	   In	  this	  way	   the	  comparison	  over	   time	  remains	  homogenous.	  The	  definition	  of	   these	  windows	   is	   to	   capture	   the	   potentially	   different	   interpretations	   about	   the	   actual	  patent	   life	   cycle	   Trajtenberg	   (1990a,	   b).	   Finally,	  we	   only	   consider	   citations	   from	  other	   firms	   since	   this	   is	   a	  more	  objective	   estimate	  of	   the	   actual	   relevance	  of	   the	  patents,	   and	   we	   exclude	   self-­‐citations	   because	   this	   measure	   is	   more	   likely	   to	  capture	  the	  extent	  to	  which	  a	  firm	  builds	  on	  its	  previous	  R&D	  efforts	  	  Based	  on	  these	  different	  time	  windows,	  the	  final	  number	  of	  patents	  analyzed	  were:	  18077,	  for	  the	  5-­‐year	  windows;	  15741,	  for	  the	  7-­‐year	  windows;	  12473,	  for	  the	  10-­‐year	  windows.	  Since	  the	  dependent	  variable	  can	  only	  take	  on	  nonnegative	  integer	  values,	  then	  the	  recommended	  model	  was	  a	  Poisson	  or	  a	  negative	  binomial	  specification	  (Hausman	  et	  al.	  1984).	  However,	  in	  the	  presence	  of	  over-­‐dispersion,	  as	  is	  the	  case	  with	  	  our	  data,	  the	  variance	  tends	  to	  be	  greater	  than	  the	  mean.	  Thus	  we	  choose	  the	  negative	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binomial	   specification	  and	  apply	   it	   to	  a	  more	  prudent	  panel	   fix	  effect	   in	  order	   to	  control	  for	  all	  fixed	  unobserved	  effects.	  In	  the	  fix	  effect	  we	  controlled	  for	  the	  firm	  idID,	  patent	  year	  and	  digital	  id	  (sensor,	  processor,	  storage).	  
	  
Independent	  variables	  Knowledge	  specificity	  In	  order	  to	  test	  Hypothesis	  1,	  we	  created	  the	  variable	  specificity	  depth	  ratio,	  which	  is	  able	  to	  capture	  the	  concept	  of	  knowledge	  specificity.	  By	  Specificity	  Depth	  Ratio	  we	   measure	   the	   number	   of	   times	   that	   the	   same	   technological	   domain	  characterizing	  the	  original	  classification	  (i.e.)	  is	  reported	  in	  the	  cross-­‐reference	  of	  patents	  classified	  as	  digital,	  divided	  by	  the	  number	  of	  patent	  cross-­‐references.	  	  	  Knowledge	  complementarity	  in	  industry-­‐related	  domains	  In	   order	   to	   test	   Hypothesis	   2,	   we	   created	   the	   Complementarity	   Depth	   Ratio	  variable,	  which	  is	  allows	  us	  to	  measure	  the	  concept	  of	  knowledge	  complementarity	  in	   industry-­‐related	   domains.	   To	   derive	   the	   Complementarity	   Depth	   Ratio,	   we	  measure	  the	  number	  of	   times	  that	   the	   industry-­‐related	  components	  are	  reported	  in	   the	   cross-­‐references	   of	   patents	   classified	   as	   digital,	   divided	   by	   the	   number	   of	  patent	  cross-­‐references.	  	  	  Knowledge	  complementarity	  in	  industry-­‐unrelated	  domains	  In	  order	  to	  test	  Hypotheses	  3a	  and	  3b,	  we	  created	  the	  Other	  Depth	  Ratio	  variable	  (Z_depth_ratio	  in	  the	  tables),	  which	  allows	  us	  to	  measure	  the	  concept	  of	  knowledge	  complementarity	  in	  industry-­‐unrelated	  domains.	  The	  Other	  Depth	  Ratio	  is	  derived	  by	   measuring	   the	   number	   of	   times	   that	   the	   industry-­‐related	   components	   are	  reported	   in	   the	   cross-­‐references	   of	   patents	   classified	   as	   digital,	   divided	   by	   the	  number	  of	  patent	  cross-­‐references.	  	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  the	  emerging	  domain	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Digital	   and	   Other	   Back	   Digital	   variables	   (r_s_back_digital	   and	   r_o_back_digital	   in	  the	   tables),	   which	   capture	   respectively	   the	   concept	   of	   leveraging	   internal	   and	  external	   knowledge	   in	   the	   emerging	   domains.	   The	   Self	   Back	   Digital	   variable	  measures	   the	   number	   of	   self-­‐citations	   to	   patents	   classified	   at	   OR	   level	   as	   digital	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divided	  by	  the	  number	  of	  backward	  citations.	  The	  Other	  Back	  Digital	  corresponds	  to	   the	   number	   of	   citations	   to	   external	   patents	   classified	   at	   OR	   level	   as	   digital	  divided	  by	  the	  number	  of	  backward	  citations.	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  industry-­‐related	  domains	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Complementary	   and	   Other	   Back	   Complementary	   variables	   (r_s_back_comp	   and	  r_o_back_comp	  in	  the	  tables),	  which	  capture	  respectively	  the	  concept	  of	  leveraging	  internal	   and	   external	   knowledge	   in	   the	   industry-­‐related	   domains.	   The	   Self	   Back	  Complementary	  calculates	  the	  number	  of	  self-­‐citations	  to	  patents	  classified	  at	  OR	  level	   as	   industry-­‐related	   domain,	   divided	   by	   the	   number	   of	   backward	   citations.	  The	   Other	   Back	   Complementary	   calculates	   the	   number	   of	   citations	   to	   external	  patents	  classified	  at	  OR	  level	  as	  industry-­‐related	  domain,	  divided	  by	  the	  number	  of	  backward	  citations.	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  industry-­‐unrelated	  domains	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Other	   and	  Other	   Back	  Other	   variables	   (r_s_back_Z	   and	   r_o_back_Z	   in	   the	   tables),	  which	   capture	   respectively	   the	   concept	   of	   leveraging	   internal	   and	   external	  knowledge	   in	   the	   industry-­‐unrelated	  domains.	  With	   the	  Self	  Back	  Other	  variable,	  we	   calculate	   the	   number	   of	   self-­‐citations	   to	   patents	   classified	   at	   OR	   level	   as	  industry-­‐unrelated	  domain,	  divided	  by	  the	  number	  of	  backward	  citations.	  With	  the	  Other	  Back	  Other	  variable,	  we	  calculate	  the	  number	  of	  citations	  to	  external	  patents	  classified	   at	   OR	   level	   as	   industry-­‐unrelated	   domain,	   divided	   by	   the	   number	   of	  backward	  citations.	  	  	  
Control	  variables	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Research	  Experience	  in	  industry-­‐related	  and	  –unrelated	  domain	  This	  is	  a	  firm	  level	  variable	  derived	  from	  the	  number	  of	  firms’	  patents	  filed	  in	  the	  previous	   5	   years	   respectively	   in	   the	   industry-­‐related	   and	   -­‐unrelated	   domains	  (logmain_comp_stock5	   and	   logmain_z_stock5	   in	   the	   tables).	   It	   accounts	   for	   the	  extent	   to	  which	   firms	   invested,	   researched	   and	   actually	   produced	   knowledge	   in	  those	   research	   domains.	   These	   two	   control	   variables	   are	   also	   relevant	   in	   our	  theoretical	   framework,	   since	   they	   allow	  us	   to	   account	   for	   the	   differences	   among	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firms	  in	  terms	  of	  actual	  previous	  experience	  in	  the	  industry-­‐related	  and	  -­‐unrelated	  domains.	   Moreover	   the	   choice	   of	   setting	   sliding	  windows	   of	   five	   years	  makes	   it	  possible	   to	   render	   the	   real	  dynamics	  of	  how	   firms	  define	   their	   research	   strategy	  over	  time..	  	  	  Average	  Digital	  Patent	  Impact	  	  This	   is	   the	   ratio	   between	   the	   total	   number	   of	   forward	   citations	   received	   by	   the	  patents	  filed	  by	  the	  firm	  in	  a	  specific	  year	  and	  the	  number	  of	  filed	  patents	  for	  that	  year	  (digital_avg_pat_impact	  in	  tables).	  It	  is	  a	  firm	  level	  variable	  which	  accounts	  for	  the	   general	   tendency	   of	   each	   firm	   to	   grant	   successful	   rater	   than	   unsuccessful	  patents	  in	  the	  focal	  year.	  	  
                                                                                          Logclaims	  A	   patent	   level	   variable,	   this	   calculates	   the	   logarithm	   of	   the	   total	   number	   of	  technological	   claims	   for	   each	   patent.	   It	   accounts	   for	   the	   extent	   of	   technological	  contributions	  the	  patent	  is	  likely	  to	  bring.	  Year	  Effort	  in	  Old	  Technology	  A	   firm	   level	   variable,	   this	   calculates	   the	   number	   of	   patents	   firms	   filed	   in	   a	   focal	  year	   in	   the	   old	   technology	   which	   to	   be	   substituted	   by	   the	   emerging	   technology	  (y_main_chemical	  in	  the	  tables).	  It	  accounts	  for	  the	  extent	  to	  which	  firms	  were	  still	  investing	  in	  research	  in	  the	  old	  technology.                                                                                                                  	  Average	  Back	  Lag	  This	  is	  a	  patent	  level	  variable,	  which	  measures	  the	  average	  age	  of	  cited	  patents.	  It	  accounts	   for	   the	   extent	   to	   which	   the	   focal	   patents	   built	   on	   old	   knowledge	  (avg_back_lag	  in	  the	  table). Other	  References	  A	  patent	  level	  variable,	  this	  refers	  to	  	  the	  number	  of	  scientific	  references	  cited	  by	  the	  patent	  (other_ref	  	  in	  tables).	  As	  seen	  previously,	  science	  has	  been	  recognized	  as	  a	  main	  driver	  in	  the	  development	  of	  new	  knowledge.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	                                                                                                            	  Number	  of	  inventors	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This	  is	  a	  patent	  level	  variable	  which	  measures	  the	  number	  of	  persons	  on	  the	  team	  of	  inventors	  of	  the	  focal	  patent	  (log_n_inventors	  in	  the	  tables).	  A	  greater	  number	  of	  inventors	  are	  supposed	  to	  better	  contribute	  to	  the	  final	  output. Time	  to	  Grant	  This	  is	  a	  patent	  level	  variable	  which	  measures	  the	  lapse	  of	  time	  between	  the	  moment	  of	  patent	  filing	  and	  the	  moment	  of	  patent	  granting	  (time_to_grant	  in	  the	  table).	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SECOND	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WHAT	  EXPLAINS	  THE	  SUCCESS	  IN	  AN	  EMERGING	  TECHNOLOGICAL	  
DOMAIN? 
Luca Mongelli1 
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  00198	  Rome	  	  
	  
What	   explains	   the	   success	   in	   an	   emerging	   technological	  
domain?	   Our	   idea	   is	   that	   the	   success	   in	   an	   emerging	  
technological	  domain	  may	  be	  explained	  by	  the	  characteristics	  
of	   the	   knowledge	   firms	   develop,	   and	   by	   the	   implemented	  
processes	   of	   knowledge	   leveraging.	   We	   start	   from	   the	  
assumption	   that	   knowledge	   may	   differ	   on	   the	   basis	   of	   its	  
technological	   distance	   to	   the	   technological	   paradigm	   of	   the	  
industry.	  Thus	  we	  classify	  different	  types	  of	  firm	  knowledge	  by	  
looking	  at	  the	  technological	  domains	  that	  knowledge	  is	  more	  
likely	   to	   impact,	  and	   its	  proximity	   technological	  paradigm	  of	  
the	   industry	   (i.e.	   knowledge	   specificity,	   knowledge	  
complementarity	   in	   industry-­related	  domains	  and	  knowledge	  
complementarity	   in	   industry-­unrelated	   domains).	   Extant	  
literature	   has	   recognized	   the	   opposite	   effects	   that	  
technological	  distance	  has	  on	  innovative	  performance	  of	  new	  
knowledge	   through	   technological	   novelty	   and	   absorptive	  
capacity.	  Thus	  the	  first	  aim	  of	  the	  paper	  is	  the	  investigation	  of	  
the	   relationship	   between	   technological	   distance	   effects	   and	  
different	   type	   of	   knowledge,	   (in	   terms	   of	   specificity,	   rather	  
than	   knowledge	   complementarity)	   and	   how	   this	   may	   affect	  
innovative	   performance	   in	   an	   emerging	   domain.	   Finally,	   a	  
recent	   literature	   discussion	   has	   highlighted	   the	   difference	  
between	   a	   firm’s	   previous	   technological	   research	   experience	  
and	   the	   dynamic	   firms’	   capacity	   to	   actually	   leverage	   the	  
output	   of	   this	   experience	   in	   the	   throes	   of	   a	   discontinuous	  
technological	  shift.	  Therefore	  a	  second	  main	  aim	  of	  the	  paper	  
concerns	   the	   identification	   of	   more	   fruitful	   leveraging	  
processes	   which	   firms	   may	   actually	   carry	   out	   during	   the	  
development	  of	  new	  knowledge	  in	  an	  emerging	  domain.	  
	  
Key	   words:	   innovative	   performance;	   technological	   distance;	   emerging,	   industry-­
related	  and	  industry-­unrelated	  domains;	  leveraging;	  dynamic	  capability;	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INTRO	  	  The	  recent	  innovation	  literature	  has	  dealt	  with	  the	  issue	  of	  technological	  evolution	  in	   several	  ways.	  A	  prominent	   case	   in	  point	   concerns	  discontinuous	   technological	  shifts	   like	   the	  emergence	  of	  a	  new	  technological	  domain	  within	   the	   technological	  paradigm	   of	   an	   industry,	   as	   in	   the	   case	   of	   the	   digital	   technology	   domain	   in	   the	  photographic	  industry.	  In	  our	  framework,	  by	  technological	  domain	  we	  mean	  a	  set	  of	   solutions	   of	   selected	   technological	   problems	   based	   on	   “selected	   material	  technologies”	   (Dosi,	   1982)	   and	   which	   entails	   specific	   knowledge,	   skills,	   and	  competences.	  When	   an	   emerging	   technological	   domain	   arises,	   firms	   	   	   	   are	   faced	  with	   the	   difficulty	   of	   challenging	   existing	   technological	   endowment	   in	   order	   to	  foster	   its	   renewel.	  Related	   to	   this	   issue,	   researchers	  have	  begun	   to	   acknowledge	  the	  relevance	  of	  the	  dynamic	  processes	  by	  which	  firms	  manipulate	  their	  resource	  endowments	   (Teece	   et	   al.,	   1997,	  Helfat	   et	   al.,	   2007,	  Teece,	   2007,	  Eisenhardt	   and	  Martin,	   2000).	   For	   example	   new	   product	   development	   has	   been	   considered	   a	  typical	  context	  for	  the	  emergence	  of	  dynamic	  capability	  because	  of	  its	  implications	  for	  the	  resources	  configuration	  of	  the	  firm	  (Danneels,	  2002,	  Eisenhardt	  and	  Martin,	  2000).	  More	   in	   general,	   they	   refer	   to	   the	   concept	   of	   dynamic	   capabilities	   as	   the	  capacity	  of	  an	  organization	   to	  create,	  extend,	  or	  modify	  a	   firm’s	  resource	  base	   in	  order	   to	  maintain	  a	   sustainable	  competitive	  advantage	   (see	  Helfat	  2007).	   In	   fact,	  even	   when	   firms	   are	   able	   to	   recognize	   emerging	   technologies	   early	   on	  (Christensen	  and	  Rosenbloom,	  1995,	  Levitt	   and	  March,	  1988),	   they	  will	   still	   face	  the	  challenge	  of	  leveraging	  existing	  technological	  endowment	  on	  the	  one	  hand,	  and	  developing	   new	   technologies	   in	   a	   proper	   fashion	   on	   the	   other.	   Although	   many	  efforts	   have	   been	   made,	   what	   actually	   affects	   the	   success	   in	   an	   emerging	  technological	  domain	  is	  still	  open	  for	  debate	  in	  the	  current	  literature.	  By	  success	  in	  this	  case,	  we	  mean	  the	  firm’s	  capacity	  to	  generate	  new	  knowledge	  with	  high	  levels	  of	  innovative	  performance	  (Nooteboom	  et	  al.,	  2005,	  Rosenkopf	  and	  Nerkar,	  2001,	  Cattani,	   2005).	   Other	   research	   has	   investigated	   the	   role	   of	   science	   in	   fostering	  drivers	  of	  inventors’	  search	  processes.	  They	  demonstrated	  that	  science	  references	  are	   able	   to	   lead	   research	   directly	   to	   the	  more	   fruitful	   knowledge	   combinations,	  eliminating	  potentially	  dead	  paths	  and	  motivating	   inventors	   to	   continue	   in	  other	  paths	   even	   in	   the	   face	   of	   initial	   negative	   results	   (Rosenkopf	   and	   Nerkar,	   2001,	  Cassiman	   et	   al.,	   2008).	   Other	   research	   has	   investigated	   the	   role	   of	   science	   in	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fostering	  drivers	  of	  inventors’	  search	  processes:	  this	  leads	  research	  directly	  to	  the	  more	   fruitful	   knowledge	   combinations,	   eliminating	   potentially	   dead	   paths	   and	  motivating	  inventors	  to	  continue	  in	  other	  paths	  even	  in	  the	  face	  of	  initial	  negative	  results	   (Fleming	   and	   Sorenson,	   2004).	   Still	   other	   studies	   have	   focused	   on	  identifying	   the	   most	   fruitful	   searching	   strategies	   to	   develop	   breakthrough	  innovations,	  such	  as	  experimenting	  in	  technologies	  which	  are	  	  new	  to	  the	  firm,	  new	  to	   industry	   	   or	   brand	   new	   (Ahuja	   and	   Lampert,	   2001).	   Podolny	   and	   Stuart	   have	  also	  tackled	  this	  issue	  from	  a	  different	  angle,	  shifting	  the	  focus	  to	  the	  technological	  niche	   and	   the	   direct	   and	   indirect	   ties	   surrounding	   a	   single	   piece	   of	   knowledge	  (Podolny	   and	   Stuart,	   1995).	   In	   particular,	   the	   authors	   argue	   that,	   “ultimate	  technological	   advance	   is	   not	   simply	   contingent	   on	   its	   inherent	   technological	  properties,	  but	  to	  a	  large	  degree	  on	  its	  niche”	  (pag.	  1226).	  At	  the	  same	  time,	  in	  this	  work	  it	  is	  also	  evident	  that	  the	  structural	  ties	  that	  rise	  over	  time	  within	  the	  niche	  are	   not	   completely	   independent	   from	   its	   technological	   properties.	   In	   fact,	   as	   the	  authors	   also	   recognize:	   “the	   extent	   to	   which	   a	   focal	   innovation	   is	   proximate	  enough	  in	  technical	  context	  to	  the	  expertise	  of	  other	  innovators,	  these	  innovators	  are	   likely	   to	  build	  upon	  the	   focal	   innovation”	  (pag.	  1226).	  Therefore	  the	   intrinsic	  technological	  domains	  on	  which	  new	  knowledge	  is	  set	  can	  be	  considered	  as	  critical	  for	   its	  actual	   future	  use.	  Moreover,	   the	   impact	  of	  new	  knowledge	   in	  an	  emerging	  domain	  actually	  concerns	  not	  only	  the	  matter	  of	  technological	  distance	  with	  other	  innovators.	   But	   it	   also	   concerns	   the	   distance	   with	   those	   domains	   which	   have	  previously	   characterized	   the	   technological	   paradigm	   of	   the	   industry	   and,	   more	  precisely,	   with	   those	   likely	   to	   characterize	   the	   future	   industry	   paradigm.	  Evolutionary	  theorists	  in	  fact,	  contend	  that	  new	  paradigms	  do	  not	  only	  emerge	  as	  the	   emergence	   of	   a	   single	   technology,	   but	   rather	   as	   the	   result	   of	   hybridizing	  different	  technologies	  ‘into	  a	  common	  application	  context’,	  (Dosi,	  1982,	  Levinthal,	  1998).	   This	   implies	   that	   an	   emerging	   radical	   technology,	   even	   if	   initially	   distant	  from	   the	   industry	  paradigm,	   is	  doomed	   to	  become	   linked	  with	   those	   established	  technologies	  likely	  to	  characterize	  the	  new	  configuration	  of	  paradigm.	  Based	  on	  these	  considerations,	  the	  perspective	  we	  are	  going	  to	  assume	  builds	  on	  a	  technological	  distance	  framework	  (Gilsing	  et	  al.,	  2008,	  Wuyts	  et	  al.,	  2005)	  applied	  to	   the	   emergence	   of	   a	   new	   technological	   domain	  within	   an	   established	   industry	  paradigm.	  In	  this	  case	  firm’s	  knowledge	  may	  differ	  on	  the	  basis	  the	  technological	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domains	   that	   knowledge	   is	   more	   likely	   to	   impact	   and	   its	   proximity	   to	   the	  technological	   paradigm	   of	   the	   industry	   (i.e.	   knowledge	   specificity,	   knowledge	  complementarity	  in	  industry-­‐related	  domains	  and	  knowledge	  complementarity	  in	  industry-­‐unrelated	  domains).	  Moreover,	   another	  key	   aspect	   of	   this	   framework	   is	  that	  at	  the	  same	  time,	  it	  considers	  two	  opposite	  effects	  that	  technological	  distance	  has	   on	   innovative	   performance	   of	   knowledge,	   and	   which	   are	   driven	   by	   the	  absorptive	  capacity	  (Cohen	  and	  Levinthal,	  1990)	  and	  technological	  novelty	  (Gilsing	  et	  al.,	  2008,	  Wuyts	  et	  al.,	  2005).	  Therefore	  our	  idea	  is	  that	  success	  in	  an	  emerging	  technological	  domain	  may	  be	  explained	  by	  the	  relationship	  between	  the	  different	  effects	   technological	   distance,	   the	   characteristics	   of	   knowledge	   developed	   (i.e.	  knowledge	   specificity,	   knowledge	   complementarity	   in	   industry-­‐related	   and	   in	  industry-­‐unrelated	  domains)	  and	  the	  characteristic	  of	  the	  previous	  knowledge	  on	  which	  a	  firm	  is	  more	  likely	  to	  build.	  	  The	  paper	  will	  be	  dividing	  into	  the	  following	  sections:	  in	  the	  first	  part	  of	  the	  paper	  we	  will	  explain	  the	  impact	  of	  knowledge	  on	  innovative	  performance	  depending	  on	  knowledge	   specificity,	   knowledge	   complementarity	   in	   industry-­‐related	   domains	  and	   knowledge	   complementarity	   in	   industry-­‐unrelated	   domains;	   in	   the	   second	  part	  we	  will	   illustrate	   the	  effects	  on	   innovative	  performance	  of	  different	  kinds	  of	  knowledge	   actually	   leveraged,	   i.e.	   knowledge	   in	   the	   same	   origin	   domain,	  knowledge	   in	   industry-­‐related	   domains	   and	   knowledge	   in	   industry-­‐unrelated	  domains.	  	  For	   this	   purpose,	   we	   develop	   our	   empirical	   analysis	   in	   the	   ideal	   setting	   of	   the	  photographic	   camera	   industry,	   where	   the	   technology	   substitution	   occurred	  between	   hitherto	   disparate	   domains	   of	   knowledge,	   from	   chemical	   to	   digital,	   has	  been	  considered	  a	  discontinuous	   technological	   shift.	  Moreover,	  given	   the	  specific	  modular	   nature	   of	   the	   photographic	   camera	   product,	   it	   allows	   to	   clearly	  distinguish	   the	   different	   technological	   domains	   embedded	   in	   that	   architecture.	  Furthermore	   despite	   the	   novelty	   of	   digital	   cameras,	   they	   are	   ‘mature’	   enough	   to	  provide	  useful	  data	  for	  this	  research.	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THEORY	  In	  this	  first	  section	  of	  the	  paper	  we	  consider	  whether	  the	  success	  in	  entering	  in	  an	  emerging	   domain	   occurs	   by	   developing	   knowledge	   standing	   in	   the	   local	   and	  deeper	   domain	   or	   rather	   by	   producing	   knowledge	   entailing	   a	   broader	  technological	   impact,	   inside	   or	   even	   outside	   the	   origin	   industry.	   This	   subject	  matter	   has	   a	   clear	   relevance	   in	   the	   stream	   of	   literature	   about	   technological	  distance,	  where	   innovative	  performance	  of	  new	  pieces	  of	  knowledge	  is	  explained	  by	   two	  dimensions:	   its	  novelty,	  which	   increases	  with	   technological	  distance,	   and	  the	   firm’s	   absorptive	   capacity	   which	   declines	   with	   it	   (Nooteboom,	   1999,	  Nooteboom	  et	  al.,	  2005,	  Wuyts	  et	  al.,	  2005,	  Gilsing	  et	  al.,	  2008).	  	  Although	   originally	   the	   scope	   of	   technological	   distance	   framework	   was	   larger,	  since	   it	   concerned	   the	   broader	   ‘cognitive	   distance’	   issue,	   it	   has	   often	   assumed	   a	  technological	   lens:	   “In	   general,	   cognitive	   distance	   entails	   more	   than	   just	  technological	   distance,	   although	   there	   is	   correlation	   between	   technological	  distance	  and	  distance	  in	  other	  functional	  disciplines	  such	  as	  marketing,	  production	  and	  engineering”	   (pag.	  1719)(Gilsing	  et	   al.,	   2008).	  The	  main	   reasons	   for	   this	  use	  relies	  on	  the	  prominence	  of	  innovative	  performance	  issues	  in	  the	  current	  literature	  	  	  and	   in	   the	   objective	   difficulty	   to	   frame,	   and	   practically	   measure,	   the	   ‘cognitive’	  aspect	  of	  the	  distance	  concept	  (Wuyts	  et	  al.,	  2005).	  Moreover,	   the	   idea	   of	   distance	   presumes	   several	   specific	   elements:	   “Variety	   of	  cognition,	   needed	   for	   learning,	   has	   two	   dimensions:	   the	   number	   of	   agents	   with	  different	  cognition,	  and	  differences	  in	  cognition	  between	  them”	  (pag.	  277)	  (Wuyts	  et	   al.,	   2005).	   In	   fact,	   this	   framework	   has	   been	   used	   mainly	   for	   explaining	   the	  innovative	   performance	   in	   alliances	   between	   partners	   having	   different	  technological	   backgrounds.	   The	   logic	   of	   the	   arguments	   they	   propose	   is	   that	   the	  effect	   of	   technological	   distance	   between	   actors	   on	   innovative	   performance	   of	  collaborative	   output	   	   is	   not	   linear.	   Rather,	   since	   it	   arises	   from	   a	   mathematical	  product	   of	   novelty	   value	   and	   absorptive	   capacity,	   innovative	   performance	   is	  hypothesized	  to	  follow	  an	  inverted-­‐U	  shaped	  relationship.	  Thus,	   for	   low	  and	  high	  levels	  of	  technological	  distance,	  innovative	  performance	  is	  low.	  In	  the	  case	  of	  lower	  distance,	  the	  result	  is	  due	  to	  the	  high	  level	  of	  absorptive	  capacity,	  and	  low	  level	  of	  novelty;	   in	   the	   case	   of	   higher	   distance	   the	   opposite	   is	   true.	   Consequently,	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innovative	   performance	   is	   highest	   for	   medium	   levels	   of	   technological	   distance,	  where	  absorptive	  capacity	  and	  novelty	  reach	  a	  medium	  level	  as	  well.	  	  
	  	  As	  others	  have	  previously	  done,	  here	  we	  take	  the	  technological	  perspective	  of	  that	  framework	   since	  we	   are	   specifically	   interested	   in	   the	   innovative	   performance	   of	  technological	   knowledge	   developed	   in	   an	   emerging	   domain.	   Nevertheless,	   we	  frame	  distance	  not	  between	  actors	  in	  collaborative	  partnerships,	  rather	  in	  terms	  of	  distance	   between	   knowledge	   developed	   in	   	   	   focal	   searching	   domains	   (i.e.	   the	  emerging	   one)	   and	   those	   domains	   which	   characterize	   the	   actual	   “technological	  paradigm”	  of	  the	  industry.	  	  	  On	  this	  matter,	  according	  to	  evolutionary	  theorists,	  the	  technological	  paradigm	  of	  an	   industry	   is	   a	   “model	   and	   a	   pattern	   of	   solution	   of	   selected	   technological	  problems	   based	   on	   selected	   principles	   derived	   from	   natural	   sciences	   and	   on	  selected	   material	   technologies”	   (pag	   152)	   (Dosi,	   1982).	   In	   other	   words,	  technological	   paradigms	   can	   be	   seen	   as	   systems	   composed	   of	   technological	  components,	   or	   technological	   domains,	   in	   which	   discontinuous	   changes	   are	  determined	  by	  the	  substitution	  of	  one,	  or	  more,	  of	  them	  (Thusman	  and	  Rosenkopf,	  1992,	  Henderson	  and	  Clark,	  1990).	  In	  these	  definitions,	  as	  well	  as	  in	  many	  others,	  the	  presence	  of	  a	  complementary	  set	  of	  technological	  domains	  is	  straightforward.	  However,	   in	  that	  view	  new	  technological	  paradigms	  emerge,	  not	  only	  as	  a	  simple	  substitution	  of	  a	  specific	  single	  technology,	  but	  rather	  as	  the	  result	  of	  interaction,	  or	   even	   hybridization,	   of	   different	   technologies	   ‘into	   a	   common	   application	  context’	   (Levinthal,	   1998).	   In	   fact,	   referring	   to	   each	   technology	   as	   a	   vector	   of	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extent that firms differ in their technological knowledge
and expertise. Next we focus on the role of a firm’s posi-
tion in a network. As a third element of a firm’s alliance
network we study the role of network density. By consid-
ering cognitive distance as well as position and network
density we combine a cognitive view of a firm’s alliance
network with a social structural view. Whereas a cogni-
tive view elucidates the potential for recombination due
to distances in cognition between firms, a social structural
view highlights how technology-based alliances serve as
the mechanism for crossing such distances and accessing
(proximate and distant) partners. In this way, combining
the two perspectives provides a complementary theoreti-
cal foundation forunderstanding the role of afirm’s alliance
network in exploration.
2.1. Exploration
The distinction between exploration and exploitation
goes back to Holland (1975) and was later further devel-
oped by March (1991). Exploitation can be characterized
as a process of routinisation, which adds to the exist-
ing knowledge base and competence set of firms without
changing the nature of activities (March, 1991). This resem-
bles ‘local search’ in which firms search for new knowledge
that is less likely to conflictwith their existing cognitive and
mental models (Nelson and Winter, 1982).1 They develop
more andmore competence in their particular field, further
increasing the chance of immediate and positive returns.
Exploitation may therefore increase a firm’s innovative
performance due to returns from specialization, however
it may also lead to technological obsolescence a d leav
firms locked out from new developments (March, 1991;
Sorensen and Stuart, 2000). To escape from this lock-in sit-
uation, firms need to engage in so-called exploration that
canbe characterizedbybreakingwithanexistingdo inant
design and shifting away from existing rules, norms, rou-
tines and activities, in search of novel combinations. Hence
exploration is not about efficiency of current activities and
cannot be planned for. It is an uncertain proc ss that i
characterized by a constant search for new opportunities.2
Although the literature agrees on the fact that alliance
networks form an important instrument in this process
(Powell et al., 1996; Rowley et al., 2000), here is very lim-
ited empirical evidence of how they facilitate the creation
of new knowledge in this process of exploration.
An important issue here is that we take a firm’s per-
spective on exploration. In other words, in this paper
we will focus on the creation of technological knowl-
edge that is new to the firm. So, we consider knowledge
as novel and the activities to create such knowledge as
exploratory if they fall outside a firm’s existing knowledge
stock, even though they may have been in existence ear-
1 Underlying this is the idea of the relative inertia of firms, as advanced
by population ecology that firms are better at doingmore of the same than
at adapting to change (Carroll and Hannan, 2000).
2 Exploration and exploitation are related and build on each other:
exploration develops into exploitation, and exploration emerges from
exploitation, in ways that go beyond the present paper (s e for a further
discussion Nooteboom, 2000; Gilsing and Nooteboom, 2006).
Fig. 1. Novelty and absorptive capacity.
lier elsewhere. This clearly differs from exploration that
yields knowledge that is new to the industry or perhaps
even new to the world. These latter two form ‘newly
emerging’ and respectively ‘pioneering’ technologies, rep-
resenting (much) more radical types of exploration (Ahuja
and Lampert, 2001).
2.2. Role of technological distance
Regarding the role of cognitive distance, Nooteboom
(1999) prop sed a model, w ich was tested byWuyts et al.
(2005) and by Nooteboom et al. (2005). The key argument
in themodel is thatwhile larger distances in cognition have
anegative effect onabsorptive capacity, theyhaveapositive
effect on he potential for novelty creation. In first instance,
as cognitive distance increases, it has a positive effect on
learning by inter ction b cause it yields opportunities for
novel combinationsof complementary resources.However,
at a certain point cognitive distance becomes so l rge as to
preclude sufficientmutual understanding needed to utilize
those opportunities (see also Fig. 1).
Of course, a certain degree of mutual understanding is
needed for collaboration, and familiarity certainly br eds
trust (Gulati, 1995a), which facilitates successful collabo-
ration. However, t o much familiarity may take out the
innovative steam from collaboration. The challenge then
is to find part ers at sufficient cognitive distance to learn
something new, but not so distant as to preclude mutual
understanding.
In general, cognitive distance entails more than just
technological distance, although there is correlation
between technological distance and distance in other
functional disciplines such as marketing, production and
engineering. In this paper, we specify cognitive distance in
terms of technological distance, for two empirical reasons.
First, our measure of innovative success will be based on
patents, and there technological knowledge is more dom-
inant. A second, more pragmatic argument is that it is not
clear precisely how other dimensions of cognitive distance
should be measured (cf. Wuyts et al., 2005).
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knowledge(Granstrand,	   1998),	   the	   intersection	   of	   knowledge	   vectors	   related	   to	  each	  technological	  domain	  “is	  a	  moment	  of	  cumulative	  synthesis	  as	  once	  unrelated	  fields	   converge	   […];	   and	   the	   extent	   of	   interdependence	   between	   knowledge	  vectors	   affects	   the	   number	   of	   vectors	   that	   must	   be	   maintained	   simultaneously”	  (Garud	   and	   Nayyar,	   1994,	   p.	   368).	   The	   critical	   point	   is	   that	   when	   an	   emerging	  domain	  appears,	   in	  terms	  of	  technological	  distance	  it	  may	  initially	  occur	  far	  from	  the	  technological	  paradigm	  of	  the	  focal	  industry.	  However,	  once	  the	  ‘convergence’	  of	  vector	  begins,	  the	  involved	  domains	  are	  likely	  to	  develop	  all	  together	  in	  the	  new	  technological	   trajectories.	   In	   this	   way,	   knowledge	   developed	   in	   the	   emerging	  domain	  will	   actually	   become	   part	   of	   the	   new	   technological	   paradigm.	   The	  main	  consequence	  in	  terms	  of	  innovative	  performance	  is	  that,	  theoretically,	  at	  the	  time	  of	   the	   firm’s	   entrance	   in	   the	   emerging	   domain,	   the	   technological	   distance	   is	  expected	  to	  be	  high,	  with	  consequently	  high	  levels	  of	  novelty	  (Ahuja	  and	  Lampert,	  2001),	   but	  with	   a	   low	   level	   of	   absorptive	   capacity	   (Cohen	   and	   Levinthal,	   1990).	  However	  this	  consideration	  makes	  sense	  if	  we	  assume	  that	  new	  knowledge	  in	  an	  emerging	   domain	   should	   be	   developed	   outside	   the	   existing	   set	   of	   industry	  domains.	  Certainly	  it	  is	  largely	  demonstrated	  that	  emerging	  technology	  should	  not	  be	   linked	  with	   the	  previous	  established	   technology	   to	  be	   substituted	  or	  with	   the	  previous	  architecture	  (Henderson	  and	  Clark,	  1990).	  In	  fact	  it	  should	  be	  developed	  outside	   the	   cognition	   schema	  by	  which	   such	  previous	   technology	  was	  developed	  (Tripsas	  and	  Gavetti,	  2000,	  Christensen	  and	  Rosenbloom,	  1995).	  At	  the	  same	  time,	  this	  does	  not	  necessarily	  imply	  that	  it	   is	  impossible	  to	   	  to	  increase	  the	  innovative	  performance	  of	  new	  knowledge	   in	  the	  emerging	  domain,	  by	   looking	   for	  potential	  links	   with	   those	   complementary	   domains	   still	   likely	   to	   play	   a	   role	   in	   the	   new	  industry	  paradigm,	  or	  possible	  even	  outside	  that	  paradigm.	  	  
New	  Knowledge	  properties	  in	  an	  emerging	  domain	  The	   fact	   that	   firms	  may	   research	  and	  develop	  new	  knowledge	  either	   in	  domains	  that	  are	  closer	  to	  those	  characterizing	  the	  technological	  paradigm	  of	  the	  industry,	  as	  well	   as	   in	  domains	   standing	   totally	  outside	   	  has	  generally	  been	  recognized	  by	  literature	   (Patel	   and	   Pavitt,	   1997,	   Ahuja	   and	   Lampert,	   2001,	   Rosenkopf	   and	  Nerkar,	   2001,	   Fleming	  and	  Sorenson,	  2001,	  Podolny	  and	  Stuart,	   1995).	  However	  technological	   knowledge	   is	   not	   necessarily	   a	   dichotomy,	   that	   is	   to	   say	   it	   either	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concerns	  one	  domain	  or	  another.	  Rather	  it	  can	  be	  either	  domain-­‐specific,	  meaning	  that	   it	   involves	   technological	   subject	   matters	   in	   an	   exclusive	   set	   of	   “selected	  principles	   derived	   from	   natural	   sciences	   and	   on	   selected	  material	   technologies”	  (Dosi,	   1982).	   In	   this	   case	  knowledge,	   skills	   and	   competences	  mainly	   concern	   the	  specific	   technological	   domain.	   Or	   it	   can	   be	   cross-­‐domain,	   which	   implies	   the	  possibility	   to	   create	   units	   of	   knowledge	   which	   blur	   and	   reshape	   the	   existing	  technological	   boundaries	   of	   a	   focal	   domain	   towards	   industry-­‐related,	   or	   even	  industry-­‐unrelated	   domains.	   Therefore,	   firms	   entering	   into	   an	   emerging	   domain	  expected	  to	  characterize	  a	  new	  industry	  paradigm	  as	  explained	  before,	  can	  choose	  to	   develop	   knowledge	   in	   three	   different	   way:	   knowledge	   with	   high	   specificity,	  based	   on	   technological	   subject	   matters	   of	   the	   emerging	   domain	   (i.e.	   knowledge	  specificity);	  knowledge	  closely	  related	  to	  the	  set	  of	  complementary	  domains	  which	  will	   still	   characterize	   the	   new	   technological	   paradigm	   of	   the	   industry	   (i.e.	  knowledge	   complementarity	   in	   industry-­‐related	   domains);	   knowledge	   strongly	  related	   to	   technological	   domains	   standing	   outside	   the	   technological	   paradigm	  of	  the	  industry	  (i.e.knowledge	  complementarity	  in	  industry-­‐unrelated	  domains).	  	  	  Based	  on	  this	  consideration,	  our	  idea	  is	  that	  depending	  on	  the	  type	  of	  knowledge	  developed	   in	   an	   emerging	   domain,	   it	   is	   possible	   to	   foster	   its	   overall	   innovative	  performance.	  
Knowledge	  Leveraging	  	  Many	   studies	   have	   also	   demonstrated	   that	   having	   conducted	   previous	  technological	  research	  in	  some	  specific	  domains	  does	  not	  automatically	  imply	  the	  capacity	  to	  dynamically	  use	  and	  leverage	  such	  experiments	  for	  the	  development	  of	  new	  knowledge.	  For	  example,	  according	  to	  previous	  literature,	  firms	  characterized	  by	  different	   sets	   of	   resources	   are	   supposed	   to	  perform	   in	  different	  ways,	   just	   as	  firms	   with	   similar	   bases	   of	   resources	   can	   exploit	   them	   in	   different	   ways	   with	  different	   results	   (Penrose,	   1959).	   Therefore,	   having	   access	   to	   a	   relevant	   set	   of	  resources	  is	  quite	  a	  different	  thing	  from	  actually	  exploiting	  them	  fruitfully	  (Carroll	  et	   al.,	   1996,	   Cattani,	   2005).	   Thus	   the	   ability	   to	   take	   advantage	   of	   existing	  technological	  endowments	  can	  radically	  differ	  among	  firms.	  From	  this	  perspective	  in	  fact,	  not	  all	  previous	  technological	  experience	  may	  have	  a	  positive,	  rather	  than	  a	  detrimental	   effect	   (Leonard-­‐Barton,	   1992,	   Dougherty,	   1995,	   Levitt	   and	   March,	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1988)	   on	   the	   ability	   to	   perform	   in	   an	   emerging	  domain.	  On	   the	   contrary,	   it	  may	  become	  a	  source	  of	  competitive	  advantage	  rather	   than	  a	  constraint	   if	  carried	  out	  properly.	   As	   recognized	   in	   recent	   contributions	   in	   this	   stream	   of	   literature,	  successful	   firms	   entering	   into	   a	   new	   domain	   of	   application	   are	   those	  which	   are	  actually	   able	   to	  draw	  upon	   related	   technological	   experience	   (Carroll	   et	   al.,	   1996,	  Cattani,	  2005).	  Nonetheless	  firms	  may	  be	  unable	  to	  extract	  the	  full	  potential	  from	  their	  past	   technological	  experience	  (Garud	  and	  Nayar,	  1994).	  Using	  an	  ecological	  lens,	   firm	   pre-­‐adaptation	   to	   an	   ongoing	   landscape	   can	   be	   the	   result	   of	   both	  previous	  deliberate	  choices	  and	  random	  coincidences	  coming	  from	  the	  contingent	  situations	  with	  which	  the	  firm	  had	  dealt	  in	  the	  past	  (Cattani,	  2005).	  However,	  nor	  the	   former	   neither	   the	   latter	   case	   implies	   that	   firms	   are	   actually	   able	   to	   take	  advantage	  of	  their	  pre-­‐adaptation	  when	  really	  opportune.	  In	  fact	  if	  on	  the	  one	  hand	  leveraging	  concerns	   the	  actual	  use	  of	   “current	  knowledge	  as	  a	   leverage	  point	   for	  the	  adding	  of	  the	  new	  ones”	  (Danneels,	  2002,	  Danneels,	  2007),	  on	  the	  other	  it	  still	  remains	   an	   “option”	  which	   is	   directly	   involved	   in	   the	  process	   of	   new	  knowledge	  generation	  (Cattani,	  2005).	  	  
HYPOTHESIS	  CONSTRUCTION	  
Knowledge	  specificity	  	  By	  knowledge	  specificity,	  we	  mean	  the	  extent	  to	  which	  single	  pieces	  of	  knowledge	  focus	   on	   their	   origin	   technology	   domain.	   The	   development	   of	   knowledge	   in	   an	  emerging	   domain,	   characterized	   by	   high	   levels	   of	   specificity,	   is	   expected	   to	  generate	   high	   levels	   of	   novelty.	   In	   this	   case	   in	   fact,	   the	   emerging	   domain	   is	   as	   a	  brand	  new	  domain	  both	  for	  the	  single	  firm	  and	  for	  the	  overall	   industry,	   in	  which	  firms	   most	   likely	   have	   not	   done	   previous	   research	   (Ahuja	   and	   Lampert,	   2001).	  Hence	   the	   possibility	   to	   investigate	   all	   the	   possible	   facets	   that	   such	   a	   domain	  offers,	  and	  to	  uncover	  all	  the	  research	  opportunities	  are	  likely	  to	  be	  quite	  high.	  	  At	  the	  same	  time,	  the	  absorptive	  capacity	  of	  the	  firm	  is	  expected	  to	  be	  rather	  low,	  as	   is	   the	   possibility	   to	   exploit	   prior	   research	   experience,	   by	   reversing	   all	   the	  limited	  technical	  cognitions	  the	  firm	  has	  matured	  over	  time.	  Either	  cognitive	  limits	  and	  the	  fundamental	  uncertainty	  (March	  and	  Simon,	  1958;	  Nelson,	  1982;	  Vincenti,	  1990),	  lead	  inventors	  without	  experience	  to	  make	  two	  grave	  kinds	  of	  mistake.	  On	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one	   hand	   they	   are	   likely	   to	   be	   faced	  with	   unfruitful	   combinations	   or	   dead	   ends	  which	   appear	  more	  promising	   at	   a	   first	   glance.	  On	   the	   other	   hand,	   due	   to	   initial	  negative	   results,	   inventors	   may	   lose	   motivation	   to	   take	   those	   paths	   that	   could	  actually	  prove	  to	  be	  more	  successful	  later	  on.	  Moreover,	   from	   an	   evolutionary	   perspective	   a	   new	   technological	   paradigm	  emerges	  within	  an	  industry	  not	  only	  as	  a	  specific	  single	  technology,	  but	  also	  as	  the	  result	   of	   hybridizing	   different	   technologies	   into	   a	   common	   application	   context	  (Levinthal,	   1998).	   Then,	   the	  more	   the	   specificity	   of	   the	   unit	   of	   knowledge	   firms	  develop,	   the	   less	   it	   is	   possible	   to	   successfully	   carry	   out	   this	   integration	  within	   a	  new	   technological	   paradigm.	   Consequently,	   	   success	   in	   developing	   an	   emerging	  technology	   does	   not	   strictly	   rely	   only	   on	   the	   capacity	   to	   generate	   specific	  knowledge	   in	   that	   domain,	  which	   is	  what	   Rosenkopf	   and	  Nerkar	   define	   as	   “first	  order	   competence”	   (Rosenkopf	   and	   Nerkar,	   2001).	   Rather,	   narrowing	   the	   focus	  only	   on	   the	   specific	   domain	   can	   mislead	   firms	   which	   may	   easily	   confuse	   the	  emergence	  of	  a	  discontinuous	  shift	  technology	  with	  a	  domain-­‐specific	  innovation,	  and	   thus	   develop	   inappropriate	   technological	   solutions	   (Henderson	   and	   Clark,	  1990).	  Therefore,	  due	  to	  the	  high	   level	  of	   technological	  distance,	  new	  knowledge	  will	  be	  characterized	  by	  high	  levels	  of	  novelty	  but	  imply	  low	  levels	  of	  absorptive	  capacity,	  then:	  	   	  
HP1:	  within	  an	   emerging	   technological	  domain,	   the	   specificity	  
of	   knowledge	   developed	   has	   a	   negative	   impact	   on	   knowledge	  
innovative	  performance.	  	  
Knowledge	  complementarity	  in	  industry-­related	  domains	  By	  Knowledge	  complementarity	  in	  industry-­‐related	  domains,	  we	  mean	  the	  extent	  to	   which	   the	   single	   piece	   of	   knowledge	   involves	   those	   complementary	   domains	  which	   were	   present	   in	   the	   industry	   paradigm	   before	   the	   discontinuous	  technological	   substitution,	   and	   which	   are	   also	   bound	   to	   characterize	   the	   new	  industry	  paradigm.	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The	   development	   of	   knowledge	   in	   an	   emerging	   domain,	   characterized	   by	   high	  complementarity	   in	   industry-­‐related	   domains,	   is	   expected	   to	   generate	   a	   	   higher	  level,	  although	  not	  the	  highest	  possible,	  of	  a	  firms’	  absorptive	  capacity.	  In	  fact,	  on	  one	  hand,	  it	  is	  evident	  that	  that	  the	  emerging	  technology	  should	  not	  be	  linked	  with	  the	  previous	  established	  technology,	  which	  will	  end	  up	  being	  substituted,	  nor	  with	  the	   previous	   architecture	   (Henderson	   and	   Clark,	   1990).	   Thus,	   it	   should	   be	  developed	  outside	   the	   cognition	   schema	  by	  which	   such	  previous	   technology	  was	  developed	   (Tripsas	   and	   Gavetti,	   2000,	   Christensen	   and	   Rosenbloom,	   1995).	  Moreover	   the	   development	   of	   an	   emerging	   technology	   with	   a	   closer	   focus	   on	  familiar	  technological	  domains,	  like	  the	  industry	  related	  domains,	  can	  also	  limit	  the	  inventor	   in	   investigating	  more	   distant	   but	   potentially	   useful	   paths.	   On	   the	   other	  hand	  previous	  research	  	  suggests	  that	  increasing	  returns	  to	  experience,	  or	  mutual	  positive	  feedback	  coming	  from	  past	  research	  experience,	  makes	  the	  exploitation	  of	  experience	  in	  familiar	  technologies	  preferable	  to	  the	  exploration	  of	  new	  ones	  from	  the	  scratch	   (Levinthal	  and	  March,	  1993;	  March,	  1991).	   In	   this	  case	  and	   from	  our	  point	   of	   view,	   “familiar	   technologies”	   stands	   for	   “complementary	   technologies”,	  meaning	   all	   those	   existing	   technologies	   which,	   even	   after	   a	   discontinuous	  technological	   shift,	   continue	   to	   play	   a	   specific	   role	   in	   the	   new	   technological	  paradigm	   of	   the	   industry.	   Experience	   in	   technologies	   leads	   both	   to	   enhance	  absorptive	   capacity	   (Cohen	   and	   Levinthal,	   1990)	   and	   increase	   competence	   with	  these	   technologies.	   Therefore,	   fostering	   the	   usage	   of	   complementary	   domains	   in	  which	   experience	   is	   supposed	   to	   be	   higher,	   even	   in	   the	   development	   of	   the	  emerging	   technology,	   may	   increase	   the	   likelihood	   of	   a	   firm’s	   success	   when	  entering	  	  an	  emerging	  domain.	  The	  logic	  behind	  the	  reasoning	  concerning	  the	  novelty	  of	  knowledge	  developed,	  in	  that	  case	  is	  different.	  In	  fact,	  the	  emerging	  technology	  is	  a	  brand	  new	  opportunity	  for	  research,	  therefore	  	  the	  novelty	  of	  the	  knowledge	  developed	  is	  expected	  to	  be	  high	  a	  priori.	  However	   in	  that	  case	  a	  recombination	  process	  takes	  place	  between	  the	  emerging	  technology	  and	  the	  complementary	  technologies.	   In	  this	  regard,	  we	  know	  from	  the	  literature,	  that	  the	  ability	  to	  carry	  out	  recombination	  processes	  has	  largely	  been	  considered	  as	  a	  main	  driver	  of	  innovative	  performance,	  insomuch	  as	  	  it	   assumes	   the	   declination	   of	   meta-­‐capability	   or	   “second	   order	   competence”	  (Rosenkopf	   and	   Nerkar,	   2001,	   Kogut	   and	   Zander,	   1992,	   Iansiti	   and	   Clark,	   1994,	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Fleming	  and	  Sorenson,	  2001).	  For	   this	   reason,	   recombination	  processes	  between	  the	  emerging	  domain,	  in	  which	  firms	  have	  to	  start	  from	  the	  scratch,	  and	  industry-­‐related	   domain,	   where	   competing	   firms	   are	   supposed	   to	   have	   some	   previous	  experience,	  are	  expected	  to	  generate	  an	  even	  higher	  level	  of	  novelty.	  Furthermore,	  it	   is	  important	  to	  remember	  that	  when	  the	  substitution	  of	  an	  old	  core	  technology	  with	   the	   emerging	   one	   occurs,	   it	   has	   been	   recognized	   that	   the	   development	  knowledge	   restricted	   to	   the	  new	   specific	   domain	   is	   not	   sufficient.	   In	   this	   case	   in	  fact,	   problems	   related	   to	   the	   limits	   in	   technological	   interactions	   among	  technologies	   may	   reduce	   its	   proper	   application,	   especially	   when	   it	   concerns	   a	  discontinuous	  technological	  substitution	  (Henderson	  and	  Clark,	  1990).	  Thus,	  for	  a	  proper	  application,	  new	  knowledge	  should	  be	  able	   to	   cross	   the	  boundaries	  of	   its	  own	  domain	  	  towards	  those	  industry-­‐related	  domains	  bound	  for	  the	  new	  industry	  paradigm	  and	  with	  which	  the	  emerging	  technology	  is	  due	  to	  interact.	  	  Thin	  light	  of	  this:	  
	  
HP2:	   within	   an	   emerging	   technological	   domain,	   knowledge	  
complementarity	   in	   industry-­related	   domains	   has	   a	   positive	  
impact	  on	  knowledge	  innovative	  performance.	  	  	  	  	  
Knowledge	  complementarity	  in	  industry-­unrelated	  domains	  By	   Knowledge	   complementarity	   in	   industry-­‐unrelated	   domains	   we	   mean	   the	  extent	   to	  which	   the	   single	  new	  piece	  of	   knowledge	   in	   the	   emerging	  domain	   also	  involves	  domains	  outside	  the	  new	  technological	  paradigm	  of	  the	  industry.	  	  The	   development	   of	   knowledge	   in	   an	   emerging	   domain,	   characterized	   by	   high	  levels	  of	  complementarity	  in	  industry-­‐unrelated	  domains,	   is	  expected	  to	  generate	  high	  levels	  of	  novelty.	  In	  terms	  of	  novelty	  in	  fact,	   it	  has	  also	  been	  recognized	  that	  shaping	   research	   activities	   outside	   the	   historical	   industry	   domains	  may	   produce	  positive	   results.	  This	   is	  primarily	  because	   it	   allows	  organizations	   to	   escape	   from	  the	   propinquity	   trap:	   “likely	   to	   characterize	   the	   problem-­‐solving	   behavior	   of	  established	   organizations	   in	   their	   propensity	   to	   search	   for	   solutions	   in	   the	  neighborhood	   of	   existing	   solutions”	   (pag.	   528)	   (Ahuja	   and	   Lampert,	   2001).	   The	  extensive	   searching	   within	   the	   existing	   industry-­‐related	   domains	   implies	   that	   a	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large	   set	   of	   potentially	   fruitful	   solutions	   remains	   unexplored	   in	   those	   domains	  standing	   outside.	   “Indeed,	   the	   directive	   to	   researchers	   from	   a	   pioneering	  technology	  perspective	   is	  often	   to	   ignore	  all	   available	   solutions,	   focus	   instead	  on	  basic	   problems	   and	   their	   root	   causes,	   and	   step	   into	   the	   complete	   unknown	   in	  search	   of	   a	   fundamental	   solution”	   (pag.	   528)	   (Ahuja	   and	   Lampert,	   2001).	  Consequently	  an	  effectiveness	  strategy	  should	  pursue	  brand	  new	  solutions	  beyond	  the	  most	  beaten	  paths.	   In	   this	   case,	   the	   recombination	  which	  occurs	   through	   the	  crossing	  emerging	  of	  a	  domain’s	  boundaries	  towards	  industry-­‐unrelated	  domains	  may	  foster	  novelty	  at	  the	  highest	  level.	  In	   the	   previous	   paragraph,	   we	   also	   hypothesized	   that	   researching	   in	   several	  domains,	   combining	   the	   emerging	   domain	   with	   industry	   related	   domains,	   is	   a	  fruitful	   strategy	   because	   of	   the	   possibility	   of	   exploiting	   existing	   technological	  expertise	   to	   a	   certain	   extent.	   However	   moving	   outside	   the	   industry-­‐related	  domains	  may	  also	  prove	  risky	  and	  even	  counterproductive.	  The	  implementation	  of	  excessive	  ‘frenzies	  of	  experimentation’	  (Levinthal	  and	  March,	  1993),	  which	  involve	  contemporaneously	  exploring	  too	  many	  domains	  lying	  outside	  the	  industry	  related	  domains,	   may	   thwart	   the	   organization’s	   efforts	   and	   undermine	   the	   innovative	  performance	  of	  its	  research	  activities.	  It	   is	   indeed	   true	   that	   	   “excessive	   exploration	   of	   new	   technologies	   proves	   to	   be	  harmful	   in	   the	   long	   run	   since	   high	   level	   of	   novelties	   can	   become	   a	   source	   of	  confusion	  and	  information	  overload.	  […]	  The	  likelihood	  that	  the	  optimal	  or	  even	  a	  highly	  effective	  solution	  to	  a	  problem	  will	  be	  discovered	  	  diminishes	  as	  the	  range	  of	  problems	  addressed	  within	  a	  given	  set	  of	  competencies	  increases.	  Concurrently,	  the	   likelihood	   that	   some	   principles	   will	   be	   inappropriately	   applied	   rises	   as	   a	  constrained	   set	   of	   competencies	   is	   applied	   to	   several	   various	   technological	  problems”	  (pag.	  526)	  (Ahuja	  and	  Lampert,	  2001).	  Based	  on	  these	  considerations	  it	  is	  not	  easy	  to	  theoretically	  hypothesize	  whether	  the	  net	  effect	  between	  novelty	  and	  learning	  on	   innovative	  performance	   is	  positive	  or	  negative.	  Thus	  we	  hypothesize	  that:	  	  	  
HP3:	   within	   an	   emerging	   technological	   domain,	   knowledge	  
complementarity	   in	   industry-­unrelated	   domains	   has	   a	   higher	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impact	  on	  knowledge	   innovative	  performance	   than	  knowledge	  
Specificity	  	  
HP4:	   within	   an	   emerging	   technological	   domain,	   knowledge	  
complementarity	   in	   industry-­related	   domains	   has	   a	   higher	  
impact	  on	  knowledge	   innovative	  performance	   than	  knowledge	  
complementarity	  in	  industry-­unrelated	  domains.	  
	  
Leveraging	  In	  the	  previous	  part	  of	  this	  paper,	  we	  assumed	  that	  overcoming	  the	  boundaries	  of	  the	  emerging	   technology	  domains	  may	   increase	   technological	   recombination.	  We	  also	   assumed	   that	   crossing	   over	   the	   boundaries	   of	   industry-­‐related	   domains	  implies	  the	  use,	  to	  some	  extent,	  of	  useful	  technological	  cognition	  schema	  deriving	  from	  previous	   research	  experience.	  This	   allow	   firms	   to	   increase	   their	   absorptive	  capacity	   and,	   through	   technological	   recombination,	   to	   improve	   the	   overall	  innovative	   performance.	   Nevertheless	   other	   studies	   have	   demonstrated	   that	  having	   conducted	   previous	   technological	   experiments	   does	   not	   automatically	  imply	   the	   capacity	   to	   dynamically	   use	   and	   leverage	   such	   experience	   for	   the	  development	  of	  new	  knowledge.	  	  On	  the	  basis	  of	  what	  was	  argued	  in	  the	  first	  part	  of	  this	  paper,	  and	  having	  proved	  that	  it	  is	  necessary	  to	  investigate	  whether,	  beyond	  mere	  research	  experimentation,	  the	  actual	   leverage	  of	   the	  knowledge	   in	   industry-­‐related	  and	   industry	  –unrelated	  domains,	  is	  also	  affecting	  or	  not.	  	  In	  order	  to	  fill	  this	  gap	  in	  research,	  in	  the	  following	  paragraphs	  we	  will	  conduct	  a	  more	  nuanced	  analysis	  of	  the	  leveraging	  processes.	  	  
Internal	  leverage	  The	   first	   distinction	   to	   be	   made	   concerns	   internal	   and	   external	   leverage.	  	  Coherently	   with	   that	   argued	   above,	   the	   concrete	   exploitation	   of	   the	   output	   of	   a	  firm’s	  technological	  experience	  should	  focus	  on	  the	  bits	  knowledge	  that	  firms	  have	  actually	  developed	  over	  time.	  So,	  on	  the	  basis	  of	  technological	  distance	  framework,	  it	  is	  necessary	  to	  discuss	  the	  three	  situations	  cited	  in	  the	  first	  part	  of	  the	  paper.	  The	  first	  case	  concerns	  the	  possibility	  of	  building	  on	  knowledge	  in	  the	  same	  emerging	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domain.	  Obviously	  in	  the	  first	  years	  after	  the	  birth	  of	  the	  emerging	  domain,	  there	  is	  a	   reduce	   possibility	   of	   doing	   so,	   but	   over	   time	   this	   is	   expected	   to	   increase.	  Therefore,	   if	   in	   the	   first	   period	   absorptive	   capacity	   is	   low	   because	   of	   a	   lack	  experience,	  and	  the	  novelty	  level	  is	  high	  for	  the	  opposite	  reason,	  over	  time	  the	  sign	  of	  these	  two	  components	  may	  invert.	  In	  fact,	  after	  a	  period	  of	  experimentation,	  the	  absorptive	  capacity	  is	  expected	  to	  increase.	  At	  the	  same	  time	  the	  level	  of	  novelty	  of	  investigating	  in	  the	  same	  narrowed	  domain	  necessarily	  decreases.	  Thus,	  following	  the	  same	  logic	  of	  reasoning	  used	  before,	  we	  say	  that:	  	  	  
Hypothesis	  5:	  the	  technological	  performance	  of	  new	  knowledge	  
in	   the	   emerging	   domain	   is	   negatively	   affected	   by	   the	   internal	  
leveraging	  of	  knowledge	  in	  the	  same	  domain.	  	  	  The	   second	   case	   concerns	   the	  possibility	   of	   building	  on	  knowledge	  developed	   in	  industry-­‐related	  domains.	  Here,	  because	  the	  recombination	  processes	  occur	  across	  different	   technological	   domains,	   novelty	   is	   expected	   to	   be	   high.	   Moreover	   the	  heterogeneity	   in	   the	   industry-­‐related	   domains	   implies	   more	   variety	   in	   all	   the	  possible	   combinations	   among	   the	   interested	   domains	   than	   within	   the	   narrow	  emerging	  domain.	  Thus	  novelty	  always	  is	  expected	  to	  produce	  positive	  results,	  not	  only	   immediately	   after	   the	   birth	   of	   the	   emerging	   domain.	   Absorptive	   capacity	   is	  also	  expected	  to	  be	  higher	  than	  in	  the	  first	  case	  due	  to	  the	  possibility	  of	  accessing	  knowledge	   in	   technological	  domains	  which	  were	  already	   familiar	   in	   the	   industry	  paradigm,	  and	  which,	  over	  time	  will	  become	  more	  and	  more	  familiar.	  Thus:	  	  
Hypothesis	  6:	  the	  technological	  performance	  of	  new	  knowledge	  
in	   the	   emerging	   domain	   is	   positively	   affected	   by	   the	   internal	  
leveraging	  of	  knowledge	  in	  industry-­	  related	  domains.	  	  The	   third	   case	   concerns	   the	   possibility	   of	   building	   on	   knowledge	   developed	   in	  industry-­‐u	  with	  the	  highest	  possibility	  of	  achieving	  technological	  recombination	  as	  well	   as	   the	   highest	   level	   of	   novelty,	   if	   compared	   with	   the	   previous	   two	   cases.	  However,	  the	  issue	  of	  absorptive	  capacity	  is	  still	  open	  for	  debate,	  since	  in	  this	  case	  firms	  should	  initially	  investigate	  a	  novel	  field	  on	  the	  basis	  of	  knowledge	  that	  is	  not	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specifically	  related	  to	  the	  industry	  paradigm	  with	  which	  the	  emerging	  domain	  will	  interact.	  Nevertheless,	  because	  over	  time	  firms	  are	  expected	  to	  acquire	  experience	  in	   the	   emerging	   domain,	   absorptive	   capacity	   may	   increase,	   even	   if	   to	   a	   lesser	  degree	  than	  in	  the	  second	  case.	  For	  this	  reason	  we	  state	  two	  different	  hypotheses:	  	  	  	  
	  
Hypothesis	  7:	  the	  technological	  performance	  of	  new	  knowledge	  
in	   the	   emerging	   domain	   is	   positively	   affected	   by	   the	   internal	  
leveraging	  of	  knowledge	  in	  industry	  unrelated	  domains.	  	  
	  
Hypothesis	   8:	   leveraging	   internal	   knowledge	   in	   industry	  
unrelated	   domains	   has	   a	   lower	   effect	   on	   innovative	  
performance	   then	   leveraging	   internal	   knowledge	   in	   industry	  
related	  domains,	  and	  a	  greater	  effect	  then	  leveraging	  internal	  
knowledge	  in	  the	  same	  domain.	  	  
External	  leverage	  So	  far,	  we	  have	  considered	  the	  discussion	  about	  the	  firms’	  ability	  to	  take	  advantage	  of	   their	   own	   previous	   research	   experience,	   and	   we	   have	   focused	   on	   internal	  leveraging.	  However,	  although	  	  as	  has	  been	  shown,	  	  a	  firm’s	  ‘preadaptation’	  implies	  a	   specific	   focus	   on	   the	   internal	   resources,	   this	   does	   not	   prevent	   firms	   from	  accessing	   	   external	   sources	   of	   knowledge.	   Instead	   the	   capacity	   by	   which	   firms	  dynamically	  manipulate	   their	  knowledge	  endowments	   (Teece	  et	   al.,	   1997,	  Teece,	  2007,	   Eisenhardt	   and	   Martin,	   2000)	   by	   looking	   outside	   the	   boundaries	   of	   their	  own	   organization	   (Helfat	   et	   al.,	   2007,	   Rosenkopf	   and	   Nerkar,	   2001)	   has	   been	  recognized	   to	   be	   critical	   for	   a	   firm’s	   success.	   In	   fact	   the	   excessive	   internal	   focus	  may	  also	  constrain	  the	  development	  of	  knowledge	  in	  an	  emerging	  domain	  due	  to	  limited	   cognition	   schemas	   and	   the	   familiarity	   trap	   (Levinthal	   and	   March,	   1993,	  Cohen	  and	  Levinthal,	   1990,	  Ahuja	   and	  Lampert,	   2001).	  Thus	   the	   firm’s	   ability	   to	  implement	   research	   activity	   not	   only	   across	   technological	   boundary	   but	   also	  across	   the	   organization	   boundaries	  may	   increase	   the	   overall	   performance	   of	   the	  knowledge	   developed	   (Rosenkopf	   and	   Nerkar,	   2001).	   In	   this	   case	   in	   fact,	  knowledge	   recombination	  will	   occur	   among	   complementary	   sources	   (Rosenkopf	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and	  Nerkar,	  2001,	  Kogut	   and	  Zander,	  1992,	   Iansiti	   and	  Clark,	  1994,	  Fleming	  and	  Sorenson,	  2001).	  Consequently,	   for	   all	   of	   the	   three	   cases	   that	  we	  have	  described	  (levering	   in	   the	   same	   domain,	   in	   industry-­‐related	   domains	   and	   in	   industry-­‐unrelated	   domains),	   there	   are	   two	   main	   effects:	   on	   the	   one	   hand	   the	  recombination	  with	   external	   sources	   of	   knowledge	  will	   increase	   the	  novelty	   and	  have	  a	  positive	  effect	  on	  innovative	  performance	  of	  knowledge;	  on	  the	  other	  hand	  this	   could	  diminish	   the	   absorptive	   capacity,	  with	   a	  negative	   effect	   on	  knowledge	  performance.	  However	  the	  fact	  that	  a	  firm	  is	  able	  to	  identify	  and	  use	  that	  external	  knowledge	  means	  that	  it	  has	  searched	  for	  and	  find	  that,	  and	  to	  same	  extent	  it	  has	  matured	   a	   certain	   kind	   of	   experience.	   Furthermore	   in	   the	   case	   this	   knowledge	  concerns	  domains	   in	  which	   the	   firm	  has	  conducted	  previous	  research,	  could	  also	  increase	  its	  absorptive	  capacity.	  This	  is	  the	  case	  of	  the	  emerging	  domain	  in	  which	  firms	   are	   supposed	   to	   acquire	   some	   familiarity	   over	   time,	   or	   in	   industry-­‐related	  domains	  where	   firms	   have	   already	   developed	   some	   familiarity.	   Thus,	   for	   all	   the	  three	   possible	   alternatives	   of	   leveraging,	   we	   expect	   that	   the	   advantage	   of	  leveraging	   external	   knowledge	   in	   terms	   of	   novelty	   is	   higher	   than	   the	   possible	  limited	   disadvantage	   in	   terms	   of	   absorptive	   capacity.	   Therefore,	   following	   the	  previous	  logic,	  we	  state	  that:	  	  
	  
Hypothesis	   9:	   the	   effect	   on	   technological	   performance	   of	  
leveraging	   external	   knowledge	   in	   the	   emerging,	   industry-­
related	  and	   industry	  unrelated	  domains	   is	  always	  positive	  and	  
higher	   than	   the	   respective	   case	   of	   leveraging	   internal	  
knowledge.	  
	  
Hypothesis	   10:	   leveraging	   external	   knowledge	   in	   industry-­
unrelated	   domains	   has	   a	   lesser	   effect	   on	   innovative	  
performance	   than	   leveraging	   external	   knowledge	   in	   industry-­
related	  domains,	  and	  a	  greater	  effect	  than	  leveraging	  external	  
knowledge	  in	  the	  same	  domain	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EMPIRICAL	  SETTINGS	  In	   order	   to	   address	   our	   specific	   tasks,	  we	  have	   investigated	   the	   evolution	   of	   the	  photographic	  camera	  industry.	  There	  are	  several	  reasons	  for	  this	  choice.	  First	  of	  all	  the	   imaging	   industry	   has	   undergone	   a	   discontinuous	   technology	   substitution	  between	   hitherto	   disparate	   domains	   of	   knowledge,	   from	   chemical	   to	   digital.	   For	  many	  years,	  chemical	  technology	  has	  strongly	  affected	  the	  technological	  paradigm	  of	   the	   photographic	   industry.	   Nevertheless	   in	   2003,	   digital	   cameras	   largely	  surpassed	   chemical-­‐based	   cameras.	   	  Nowadays	   they	   account	   for	   less	   than	  1%	  of	  total	   world	   revenues	   (DATAMONITOR,	   2009),	   and	   digital	   technologies	   have	  become	  the	  new	  core	  technology.	  Furthermore	  the	  decision	  to	  place	  our	  empirical	  settings	   in	   the	   photographic	   camera	   also	   stems	   from	   the	   specific	   nature	   of	   this	  product,	   in	   which	   it	   is	   possible	   to	   clearly	   distinguish	   the	   different	   embedded	  technological	   components.	   Finally,	   despite	   the	   novelty	   of	   the	   digital	   camera,	   this	  industry	  is	  mature	  enough	  to	  provide	  useful	  data	  for	  this	  research.	  
Product	  components	  of	  the	  Photographic	  camera	  As	   Ghosh	   and	   Pennings	   (Ghosh	   and	   Pennings,	   2008)	   explain,	   the	   photographic	  camera	  has	  usually	  involved	  two	  main	  technological	  aspects.	  The	  first	  concerns	  the	  whole	   set	   of	  mechanisms	  which	   characterize	   the	   overall	   product’s	   functionality.	  These	   are:	   the	   optical	   system,	   the	   mechanical	   and	   electrical	   systems,	   and	   the	  external	  tools	  (e.g.	  flash).	  The	  second	  and	  more	  relevant	  aspect	  concerns	  the	  main	  technology	   for	   image	   capturing,	   which	   can	   be	   seen	   as	   the	   core	   element	   of	   the	  overall	  system.	  From	  the	  beginning,	  photographic	  cameras	  have	  always	  relied	  on	  chemical	   technologies.	   In	   this	   technology,	   the	  photographic	   image	  was	  generated	  from	  the	  interaction	  between	  the	  silver	  halide	  of	  the	  film	  and	  the	  light	  waves.	  The	  introduction	  of	  digital	  technologies	  has	  triggered	  a	  revolution	  in	  several	  aspects	  of	  the	   imaging	   field,	   like	   image	   capturing	   and	   its	   related	   storage,	  manipulation	   and	  display.	  Thus	  new	  problems	  regarding	  the	  specific	  use	  of	  digital	   technology	  arise	  and	   require	   brand	   new	   solutions	   and	   components	   which	   are	   different	   from	  chemical	  based	  cameras,	  such	  as	  the	  elaboration	  of	  the	  image	  by	  the	  processor	  and	  its	  storage	  in	  specific	  storage	  devices.	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RESEARCH	  DESIGN	  	  As	  explained	  above,	   in	  our	   framework,	  we	  use	   the	   term	   technological	  domain	   to	  mean	   a	   set	   of	   solutions	   of	   selected	   technological	   problems	   based	   on	   “selected	  material	   technologies”	   (Dosi,	   1982)	   and	  which	   entails	   specific	   knowledge,	   skills,	  and	   competences.	   In	   the	   photographic	   setting,	   the	   described	   technological	  components	   tend	   to	   substantially	   overlap	   with	   coherent	   and	   circumscribed	  technological	  domains.	  In	  order	  to	  measure	  the	  knowledge	  firms	  developed	  within	  such	  domains,	  we	  used	  patents	  (Hall	  et	  al.,	  2001).	  In	  fact,	  although	  patents	  are	  not	  able	  to	  measure	  all	  the	  competencies	  held	  by	  firms,	  researchers	  have	  increasingly	  employed	  them	  as	  indicators	  of	  the	  technological	  knowledge	  of	  the	  firms	  (e.g.,	  Jaffe	  1986,	   Patel	   and	  Pavitt	   1994,	   Stuart	   and	  Podolny	   1996,	   Silverman	  1999,	   Fleming	  and	  Sorenson	  2001;	  Cattani	  2005,	  (Anand	  et	  al.,	  2009),	  especially	  in	  contexts	  like	  the	   imaging	   industry,	   where	   firms	   tend	   to	   use	   patents	   to	   protect	   their	  technological	   endowment	   (Benner	   and	   Tushman	   2002;	   Srinivasan,	   R.,	   P.	  Haunschild,	   et	   al.	   2007;	   Ghosh	   and	   Pennings	   2008).	  Moreover	   The	   Patent	   Office	  usually	   only	   grants	   patents	   which	   prove	   to	   be	   useful,	   non-­‐obvious	   and	   make	   a	  substantial	   contribution	   to	   the	   state	  of	   the	  art	  of	   the	   relative	   technological	   class.	  For	   this	   reason,	   patents	   can	   be	   seen	   as	   a	   real	   manifestation	   of	   new	   knowledge	  developed	  by	  the	  firms.	  Moreover	  patents	  also	  reveal	  other	  important	  information	  that	  can	  be	  used	  for	  our	  aims.	  The	  most	  relevant	  is	  the	  technological	  class	  	  which	  patents	  are	  likely	  to	  impact.	  To	  this	  end,	  the	  granting	  process	  (see	  USPTO	  Granting	  Guide,	  but	  also	  other	  patent	  institutions)	  requires	  that	  every	  patent	  must	  have	  one,	  and	   only	   one,	   principal	   mandatory	   classification.	   This	   is	   known	   as	   “Original	  Classification”	   (OR),	   and	   concerns	   the	   subject	  matters	   for	  which	   it	   voluntarily	  or	  involuntarily	   makes	   claims	   (claimed	   or	   unclaimed	   invention	   information).	   This	  classification	  is	  composed	  of	  the	  combination	  of	  one	  class	  and,	  within	  this	  class,	  a	  more	  specific	  subclass.	  For	  example	  “exposure	  control	  system	  responsive	  to	  focal	  length”	  is	  classified	  as	  Original	  Classification	  in	  the	  396/63	  (class/subclass).	  It	  may	  also	  occur	   that,	  a	  supplementary	  classification	   is	  used	  when	  the	  patent	   is	  able	   to	  teach	   more	   than	   one	   concept	   (claimed	   or	   unclaimed).	   In	   this	   case	   the	   further	  subject	  matters,	  other	  than	  the	  OR	  Classification,	  are	  designed	  as	  “Cross-­‐Reference	  Classifications”	  (XR).	  Therefore	  Cross-­‐Reference	  Classifications	  characterize	  those	  patents	  having	  an	  effect	  in	  different	  domains	  of	  application	  at	  the	  same	  time.	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From	   our	   point	   of	   view,	   this	   classification	   system	   is	   particularly	   useful	   to	   the	  extent	   that,	   thanks	   to	   the	   Original	   Classification	   and	   to	   Cross-­‐Reference	  Classification,	  it	  makes	  it	  possible	  to	  link	  the	  technological	  classes	  of	  each	  patent	  to	  the	  specific	  product	  components	  embedded	  in	  the	  photographic	  camera.	  	  
Methods	  	  In	  order	  to	  track	  technological	  knowledge	  by	  patents,	  two	  steps	  have	  been	  taken.	  First	   of	   all	   it	   was	   important	   to	   choose	   what	   product	   components	   of	   the	  photographic	  camera	  to	  consider	  as	  relevant	   in	  the	  product	  architecture.	  Then,	   it	  was	  necessary	  to	  link	  the	  technological	  domain	  of	  each	  product	  component	  within	  the	   12	   patent	   classes	   previously	   selected	   (Benner	   and	   Tushman	   2002;	   Cattani	  2005).	   In	   our	   sample	   we	   focus	   on	   patents	   granted	   in	   the	   those	   classes	   which	  previous	   literature	   has	   considered	   as	   relevant	   for	   the	   imaging	   industry	   and	   for	  photographic	   cameras,	   i.e.	   Benner	   and	   Tushman	   (2002),	   and	   Srinivasan	   and	  Haunschild	   (2007)1.	   Technologies	   in	   general	   are	   not	   clearly	   provided	   for	   in	   any	  one	  class,	  and	  may	  develop	  in	  more	  than	  one	  class	  simultaneously	  (USPTO	  Guide,	  Dec.	  2009).	  In	  fact,	  even	  if	  classes	  are	  ‘mutually	  exclusive’,	  meaning	  that	  the	  subject	  matter	  provided	   for	  by	  one	   class	  does	  not	   overlap	   that	  provided	   for	  by	   another,	  emerging	   technologies	   such	   as	   digital	   technology,	   which	   initially	   had	   no	   clear	  definition,	  may	  have	  different	  effects	  in	  several	  technological	  classes.	  	  Two	   specialists	   from	   “Centro	   Nazionale	   delle	   Ricerche”	   (CNR)	   and	   “Istituto	  Nazionale	  di	  Ottica	  Applicata”	  (INOA)	  have	  been	  involved	  in	  	  	  carrying	  out	  the	  two	  steps	  of	  tracking	  patents.	  	  For	   the	   first	   step	   the	   following	   product	   components	   were	   identified:	   the	   digital	  sensor,	  the	  processor,	  digital	  storage,	  optics,	  mechanics,	  electronics,	  external	  staff,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  The	  patent	  classes	  are	  the	  following:	  radiant	  energy	  (250);	  computer	  graphics	  processing,	  operator	  interface	  processing,	  and	  selective	  visual	  display	  systems	  (345);	  television	  (348);	  photocopying	  (355);	  optics:	  measure	  and	  testing	  (356);	  optics:	  systems	  (including	  communication	  and	  elements)	  (359);	  dynamic	  magnetic	  information	  storage	  or	  retrieval	  (360);	  image	  analysis	  (382);	  television	  signal	  processing	  for	  dynamic	  recording	  or	  reproducing	  (386);	  photography	  (396);	  stock	  material	  or	  miscellaneous	  articles	  (428);	  and	  radiation	  imagery	  chemistry:	  process,	  composition	  or	  product	  (430).	  It	  is	  import	  to	  specify	  that	  the	  decision	  to	  consider	  all	  these	  patent	  classes,	  and	  not	  only	  the	  specific	  photography	  class	  (396),	  stems	  from	  the	  particular	  nature	  of	  technological	  knowledge.	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and	  chemical	  film.	  In	  particular,	  the	  first	  three,	  i.e.	  the	  digital	  sensor,	  processor	  and	  digital	  storage,	  were	  considered	  as	  substantially	  part	  of	   the	  emerging	   technology	  domain	   since	   they	   specifically	   and	   exclusively	   account	   for	   the	   application	   of	  digital-­‐based	   technology	   to	   the	   photographic	   camera.	   The	   optics,	   mechanics,	  electronics	  and	  external	  staff	  were	  considered	  as	   industry-­‐related	  domains,	  since	  they	  refer	  to	  those	  sets	  of	  technologies	  	  	  also	  used	  in	  both	  the	  previous	  and	  the	  new	  industry	  paradigm.	  All	  other	   technological	   classes	  of	   company	  patents	   	  which	  do	  not	  belong	   to	   the	  photography	  patent	  classes	  mentioned	  before	  were	  considered	  as	   industry-­‐unrelated	   domains.	   Finally,	   we	   excluded	   chemical	   domain	   and	   the	  corresponding	   classes	   from	   the	   analysis	   because	   of	   their	   reference	   to	   the	  substituted	  old	  technology.	  	  Concerning	   the	   second	   step,	   the	   linking	   process	   focused	   on	   the	   mainline-­‐subclasses	   of	   the	   12	   patent	   classes	   mentioned	   before.	   Mainline-­‐subclasses	   are	  those	  subclasses	  which,	  having	  an	  “indent	  level”	  of	  zero,	  provide	  the	  main	  subject	  matters	   within	   each	   patent	   class.	   Their	   role	   is	   quite	   relevant	   because	   all	   other	  subclasses	  within	  the	  patent	  class	  which	  have	  an	  indent	  level	  higher	  than	  zero	  are	  subordinated	  to	  them.	  Thus	  the	  process	  concerned	  the	  linking	  of	  all	  the	  mainline-­‐subclasses	  belonging	  to	  the	  12	  patent	  classes	  to	  the	  technological	  domains	  we	  set	  before.	   Obviously	   not	   all	   mainline-­‐subclasses	   found	   a	   direct	   match	   with	   our	  product	  components.	  For	  this	  reason,	  only	  the	  mainline-­‐subclasses	  having	  a	  direct	  connection	  with	   the	   selected	   technological	   domains	  were	   reclassified	   among	   the	  industry-­‐related	   domains	   or	   in	   the	   emerging	   domains.	   All	   others	   were	   simply	  considered	  as	  industry-­‐unrelated	  domain.	  	  
Sample	  	  The	   sample	  has	  drawn	   from	   the	   segment	  of	   firms	  operating	   in	   the	  photographic	  industry	  which	  have	  launched	  at	  least	  one	  digital	  camera	  and	  for	  which	  patent	  data	  were	  available.	  In	  order	  to	  select	  these	  firms,	  we	  compared	  the	  three	  most	  popular	  websites	  concerning	  digital	  cameras:	  Digital	  Photo	  Review’s,	  PC	  Photo	  and	  Popular	  Photography.	   (Benner	   and	   Tushman,	   2002,	   Srinivasan	   et	   al.,	   2007)	   .	   The	   firms	  selected	  within	  the	  sample	  are:	  Agfa,	  Canon,	  Casio,	  Contax,	  Epson,	  Fuji,	  HP,	  Kodak,	  Konica,	   Kyocera,	   Leica,	   Minolta,	   Nikon,	   Panasonic,	   Pentax,	   Ricoh,	   Olympus,	  Samsung,	   Sanyo,	   Sigma,	   Sony,	   and	  Toshiba.	   Information	  on	  patent	  data	  has	  been	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collected	   from	   the	   U.S.	   Patent	   and	   Trademark	   Office	   for	   patents	   granted	   by	   the	  firms	   in	   the	   sample	   from	   1975	   until	   2011.	   However,	   consistently	  with	   previous	  contributions	  in	  field	  (Hall	  et	  al.,	  2001,	  Cattani,	  2005),	  in	  our	  dataset	  we	  consider	  patents	   on	   the	   basis	   of	   their	   actual	   submission	   date	   to	   the	   USPTO	   and	   not	   the	  granting	   date.	   This	   is	   because	   the	   granting	   process	   takes	   a	   period	   of	   time	   for	  evaluating	   the	  possibility	  of	   granting	  a	  potential	  patent	   (USPTO	  Granting	  Guide).	  Thus	  looking	  at	  the	  submission	  date,	  we	  have	  a	  better	  idea	  of	  the	  moment	  in	  which	  new	  knowledge	  is	  actually	  developed.	  Operatively	   the	   relevant	   information	   directly	   extracted	   from	   the	   USPTO	   was:	  Patent	   Number,	   Assignee	   Name,	   Assignee	   State,	   Issue	   Date,	   Application	   Date,	  Current	   US	   Original	   Classification,	   Current	   US	   Cross	   References	   Classification,	  Other	  References	  and	  Claims).	  Finally,	  the	  overall	  sample	  was	  composed	  of	  28479	  patents,	   in	  which	   2100307	   future	   citations	   and	   the	   2167685	   backward	   citations	  available	  were	  summarized.	  	  
Dependent	  variable	  and	  model	  specification	  We	   estimate	   the	   value	   of	   knowledge	   innovative	   performance	   in	   the	   emerging	  domain	  by	  citations	  which	  digital	  patents	  received	   from	  other	   firms’	  patents.	  We	  chose	   this	  measure	   because	   our	   aim	   is	   to	   highlight	   those	   patents	  which	   actually	  contribute	   to	   the	   creation	   of	   useful	   knowledge	   in	   the	   emerging	   technological	  domain.	  	  We	  did	  not	  use	  patent	  counts	  in	  the	  emerging	  domain	  as	  a	  measure	  of	  innovative	  performance	  since	  these	  can	  be	  questioned	  on	  several	  grounds.	  First	  of	  all	  there	  is	  the	  matter	  of	  the	  degree	  analysis,	  since	  in	  our	  paper	  we	  do	  not	  address	  the	  issue	  of	  general	  patent	  productivity	  of	   the	   firm.	   Instead,	  we	   look	  at	   the	   characteristics	  of	  knowledge	   and	   the	   paths	   taken	   by	   the	   firms	   for	   patent	   development.	   In	   fact,	  although	  patent	  count	  indicates	  a	  firm’s	  R&D	  productivity,	  it	  does	  not	  constitute	  a	  good	  proxy	  for	  the	  value	  of	  the	  granted	  patents	  (e.g.,	  Griliches	  et	  al.	  1987,	  Scherer	  1965,	  Hall	  2000).	  Therefore	  although	   the	  propensity	   to	  patent	  may	  differ	  among	  firms,	  not	  all	  patented	  inventions	  are	  turned	  into	  future	  technological	  development	  (see	   Hall	   et	   al.	   2001,	   Hall	   and	   Ham-­‐Ziedonis	   2001),	   since	  many	   of	   them	   have	   a	  marginal	   actual	   relevance	   and	   do	   not	   reflect	   any	   truly	   distinctive	   or	   significant	  implication.	   Particularly	   in	   R&D-­‐intensive	   industries,	   like	   the	   photographic	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industry,	   the	   number	   of	   citations	   a	   patent	   receives	   from	   other	   patents	   is	   an	  accurate	  measure	  of	   innovative	  performance,	  affording	  a	  closer	  estimation	  of	   the	  actual	  value	  of	  the	  focal	  patents	  (e.g.,	  Griliches	  1981,	  1990;	  Trajtenberg	  1990a,	  b).	  In	  such	  a	  context	  forward	  citations	  prove	  “that	  the	  cited	  patents	  opened	  the	  way	  to	  a	   technologically	   successful	   line	   of	   innovation.	   Thus,	   if	   citations	   keep	   coming,	   it	  must	  be	  that	  the	  innovation	  originating	  in	  the	  cited	  patent	  had	  indeed	  proven	  to	  be	  valuable”	  (Trajtenberg	  1990a,	  p.	  174).	  Several	  other	  studies	  have	  also	  investigated	  the	  positive	  relation	  between	  patent	  citations	  and	  market	  value	  of	  the	  firm	  (Shane	  and	   Klock	   1997,	   Hall	   2000,	   Hall	   et	   al.	   2001),	   as	   well	   as	   other	   performance	  indicators	   like	   company	   sales	   and	   profits	   (see	   Narin	   et	   al.	   2001).	   Thus	   it	   is	  accepted	  that	  patents	  which	  are	  more	  frequently	  cited	  by	  subsequent	  patents	  tend	  to	  be	  the	  most	  valuable	  for	  firms	  (Harhoff	  et	  al.	  1999).	  	  Thus,	  in	  our	  sample,	  we	  collected	  future	  citations	  for	  all	  patents	  firms	  granted	  over	  the	  period	  of	  study	  (1975-­‐2011),	  up	  to	  April	  2011	  from	  USPTO.	  Then	  we	  organized	  patents	   in	   a	   panel	   structure	   based	   on	   the	   filing	   year,	   and	   since	   patents	   filed	   in	  earlier	  years	  are	  exposed	  to	  the	  risk	  of	  being	  cited	  for	  a	  longer	  period,	  we	  defined	  a	  panel	  of	   sliding	  windows	   in	   three	  different	   scopes:	  5	  years,	  7	  years,	  10	  years.	   In	  this	  way	   the	  comparison	  over	   time	  remains	  homogenous.	  The	  definition	  of	   these	  windows	   is	   to	   capture	   the	   potentially	   different	   interpretations	   about	   the	   actual	  patent	   life	   cycle	   Trajtenberg	   (1990a,	   b).	   Finally,	  we	   only	   consider	   citations	   from	  other	   firms	   since	   this	   is	   a	  more	  objective	   estimate	  of	   the	   actual	   relevance	  of	   the	  patents,	   and	   we	   exclude	   self-­‐citations	   because	   this	   measure	   is	   more	   likely	   to	  capture	  the	  extent	  to	  which	  a	  firm	  builds	  on	  its	  previous	  R&D	  efforts	  	  Based	  on	  these	  different	  time	  windows,	  the	  final	  number	  of	  patents	  analyzed	  were:	  18077,	  for	  the	  5-­‐year	  windows;	  15741,	  for	  the	  7-­‐year	  windows;	  12473,	  for	  the	  10-­‐year	  windows.	  Since	  the	  dependent	  variable	  can	  only	  take	  on	  nonnegative	  integer	  values,	  then	  the	  recommended	  model	  was	  a	  Poisson	  or	  a	  negative	  binomial	  specification	  (Hausman	  et	  al.	  1984).	  However,	  in	  the	  presence	  of	  over-­‐dispersion,	  as	  is	  the	  case	  with	  	  our	  data,	  the	  variance	  tends	  to	  be	  greater	  than	  the	  mean.	  Thus	  we	  choose	  the	  negative	  binomial	   specification	  and	  apply	   it	   to	  a	  more	  prudent	  panel	   fix	  effect	   in	  order	   to	  control	  for	  all	  fixed	  unobserved	  effects.	  In	  the	  fix	  effect	  we	  controlled	  for	  the	  firm	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id,	  patent	  year	  and	  digital	  id	  (sensor,	  processor,	  storage).	  	  
Independent	  variables	  Knowledge	  specificity	  In	  order	  to	  test	  Hypothesis	  1,	  we	  created	  the	  variable	  specificity	  depth	  ratio,	  which	  is	  able	  to	  capture	  the	  concept	  of	  knowledge	  specificity.	  By	  Specificity	  Depth	  Ratio	  we	   measure	   the	   number	   of	   times	   that	   the	   same	   technological	   domain	  characterizing	  the	  original	  classification	  (i.e.)	  is	  reported	  in	  the	  cross-­‐reference	  of	  patents	  classified	  as	  digital,	  divided	  by	  the	  number	  of	  patent	  cross-­‐references.	  	  	  Knowledge	  complementarity	  in	  industry-­‐related	  domains	  In	   order	   to	   test	   Hypothesis	   2,	   we	   created	   the	   Complementarity	   Depth	   Ratio	  variable,	  which	  is	  allows	  us	  to	  measure	  the	  concept	  of	  knowledge	  complementarity	  in	   industry-­‐related	   domains.	   To	   derive	   the	   Complementarity	   Depth	   Ratio,	   we	  measure	  the	  number	  of	   times	  that	   the	   industry-­‐related	  components	  are	  reported	  in	   the	   cross-­‐references	   of	   patents	   classified	   as	   digital,	   divided	   by	   the	   number	   of	  patent	  cross-­‐references.	  	  	  Knowledge	  complementarity	  in	  industry-­‐unrelated	  domains	  In	  order	  to	  test	  Hypotheses	  3a	  and	  3b,	  we	  created	  the	  Other	  Depth	  Ratio	  variable	  (Z_depth_ratio	  in	  the	  tables),	  which	  allows	  us	  to	  measure	  the	  concept	  of	  knowledge	  complementarity	  in	  industry-­‐unrelated	  domains.	  The	  Other	  Depth	  Ratio	  is	  derived	  by	   measuring	   the	   number	   of	   times	   that	   the	   industry-­‐related	   components	   are	  reported	   in	   the	   cross-­‐references	   of	   patents	   classified	   as	   digital,	   divided	   by	   the	  number	  of	  patent	  cross-­‐references.	  	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  the	  emerging	  domain	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Digital	   and	   Other	   Back	   Digital	   variables	   (r_s_back_digital	   and	   r_o_back_digital	   in	  the	   tables),	   which	   capture	   respectively	   the	   concept	   of	   leveraging	   internal	   and	  external	   knowledge	   in	   the	   emerging	   domains.	   The	   Self	   Back	   Digital	   variable	  measures	   the	   number	   of	   self-­‐citations	   to	   patents	   classified	   at	   OR	   level	   as	   digital	  divided	  by	  the	  number	  of	  backward	  citations.	  The	  Other	  Back	  Digital	  corresponds	  to	   the	   number	   of	   citations	   to	   external	   patents	   classified	   at	   OR	   level	   as	   digital	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divided	  by	  the	  number	  of	  backward	  citations.	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  industry-­‐related	  domains	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Complementary	   and	   Other	   Back	   Complementary	   variables	   (r_s_back_comp	   and	  r_o_back_comp	  in	  the	  tables),	  which	  capture	  respectively	  the	  concept	  of	  leveraging	  internal	   and	   external	   knowledge	   in	   the	   industry-­‐related	   domains.	   The	   Self	   Back	  Complementary	  calculates	  the	  number	  of	  self-­‐citations	  to	  patents	  classified	  at	  OR	  level	   as	   industry-­‐related	   domain,	   divided	   by	   the	   number	   of	   backward	   citations.	  The	   Other	   Back	   Complementary	   calculates	   the	   number	   of	   citations	   to	   external	  patents	  classified	  at	  OR	  level	  as	  industry-­‐related	  domain,	  divided	  by	  the	  number	  of	  backward	  citations.	  	  Leveraging	  internal	  and	  external	  knowledge	  in	  industry-­‐unrelated	  domains	  In	  order	   to	   test	  Hypotheses	   about	   leveraging	  variables,	  we	   created	   the	  Self	  Back	  Other	   and	  Other	   Back	  Other	   variables	   (r_s_back_Z	   and	   r_o_back_Z	   in	   the	   tables),	  which	   capture	   respectively	   the	   concept	   of	   leveraging	   internal	   and	   external	  knowledge	   in	   the	   industry-­‐unrelated	  domains.	  With	   the	  Self	  Back	  Other	  variable,	  we	   calculate	   the	   number	   of	   self-­‐citations	   to	   patents	   classified	   at	   OR	   level	   as	  industry-­‐unrelated	  domain,	  divided	  by	  the	  number	  of	  backward	  citations.	  With	  the	  Other	  Back	  Other	  variable,	  we	  calculate	  the	  number	  of	  citations	  to	  external	  patents	  classified	   at	   OR	   level	   as	   industry-­‐unrelated	   domain,	   divided	   by	   the	   number	   of	  backward	  citations.	  	  	  
Control	  variables	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Research	  Experience	  in	  industry-­‐related	  and	  –unrelated	  domain	  This	  is	  a	  firm	  level	  variable	  derived	  from	  the	  number	  of	  firms’	  patents	  filed	  in	  the	  previous	   5	   years	   respectively	   in	   the	   industry-­‐related	   and	   -­‐unrelated	   domains	  (logmain_comp_stock5	   and	   logmain_z_stock5	   in	   the	   tables).	   It	   accounts	   for	   the	  extent	   to	  which	   firms	   invested,	   researched	   and	   actually	   produced	   knowledge	   in	  those	   research	   domains.	   These	   two	   control	   variables	   are	   also	   relevant	   in	   our	  theoretical	   framework,	   since	   they	   allow	  us	   to	   account	   for	   the	   differences	   among	  firms	  in	  terms	  of	  actual	  previous	  experience	  in	  the	  industry-­‐related	  and	  -­‐unrelated	  domains.	   Moreover	   the	   choice	   of	   setting	   sliding	  windows	   of	   five	   years	  makes	   it	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possible	   to	   render	   the	   real	  dynamics	  of	  how	   firms	  define	   their	   research	   strategy	  over	  time.	  	  Average	  Digital	  Patent	  Impact	  	  This	   is	   the	   ratio	   between	   the	   total	   number	   of	   forward	   citations	   received	   by	   the	  patents	  filed	  by	  the	  firm	  in	  a	  specific	  year	  and	  the	  number	  of	  filed	  patents	  for	  that	  year	  (digital_avg_pat_impact	  in	  tables).	  It	  is	  a	  firm	  level	  variable	  which	  accounts	  for	  the	   general	   tendency	   of	   each	   firm	   to	   grant	   successful	   rater	   than	   unsuccessful	  patents	  in	  the	  focal	  year.	  	  
                                                                                          Logclaims	  A	   patent	   level	   variable,	   this	   calculates	   the	   logarithm	   of	   the	   total	   number	   of	  technological	   claims	   for	   each	   patent.	   It	   accounts	   for	   the	   extent	   of	   technological	  contributions	  the	  patent	  is	  likely	  to	  bring.	  Year	  Effort	  in	  Old	  Technology	  A	   firm	   level	   variable,	   this	   calculates	   the	   number	   of	   patents	   firms	   filed	   in	   a	   focal	  year	   in	   the	   old	   technology	   which	   to	   be	   substituted	   by	   the	   emerging	   technology	  (y_main_chemical	  in	  the	  tables).	  It	  accounts	  for	  the	  extent	  to	  which	  firms	  were	  still	  investing	  in	  research	  in	  the	  old	  technology.                                                                                                                  	  Average	  Back	  Lag	  This	  is	  a	  patent	  level	  variable,	  which	  measures	  the	  average	  age	  of	  cited	  patents.	  It	  accounts	   for	   the	   extent	   to	   which	   the	   focal	   patents	   built	   on	   old	   knowledge	  (avg_back_lag	  in	  the	  table). Other	  References	  A	  patent	  level	  variable,	  this	  refers	  to	  	  the	  number	  of	  scientific	  references	  cited	  by	  the	  patent	  (other_ref	  	  in	  tables).	  As	  seen	  previously,	  science	  has	  been	  recognized	  as	  a	  main	  driver	  in	  the	  development	  of	  new	  knowledge.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	                                                                                                            	  Number	  of	  inventors	  This	  is	  a	  patent	  level	  variable	  which	  measures	  the	  number	  of	  persons	  on	  the	  team	  of	  inventors	  of	  the	  focal	  patent	  (log_n_inventors	  in	  the	  tables).	  A	  greater	  number	  of	  inventors	  are	  supposed	  to	  better	  contribute	  to	  the	  final	  output. Time	  to	  Grant	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This	  is	  a	  patent	  level	  variable	  which	  measures	  the	  lapse	  of	  time	  between	  the	  moment	  of	  patent	  filing	  and	  the	  moment	  of	  patent	  granting	  (time_to_grant	  in	  the	  table).	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RESULTS	  In	  order	  to	  detect	  differences	  which	  may	  occur	  in	  the	  interpretation	  of	  the	  actual	  patents	   lifecycle,	   we	   tested	   our	   model	   several	   times,	   setting	   the	   dependent	  variables	   with	   different	   time	   windows	   as	   explained	   above	   (namely	   5,7	   and	   10	  years).	   In	   particular	  we	  were	   able	   to	   find	   all	   the	   patent	   data	   until	   2009.	   So	   the	  choice	   of	   the	   different	   time	   windows	   has	   obviously	   affected	   the	   actual	   patents	  standing	  in	  the	  final	  sample.	  For	  example,	  in	  the	  case	  of	  a	  time	  window	  of	  5	  years,	  the	  patents	  we	   actually	   considered	  were	   those	   issued	  until	   2004.	   ,	  We	   therefore	  excluded	  patents	  after	  2004,	  since	  we	  were	  unable	  to	  estimate	  full	  time	  windows	  of	  5	  years.	  For	  time	  windows	  of	  7	  and	  10	  years,	  we	  considered	  patents	  until	  2002	  and	  1999	  respectively.	  Based	  on	  these	  different	  time	  windows,	  the	  final	  number	  of	  patents	   analyzed	   were:	   18077,	   for	   the	   5-­‐year	   windows;	   15741,	   for	   the	   7-­‐year	  	  windows;	   12473,	   for	   the	   10-­‐year	   windows.	   In	   the	   analysis	   reported,	   we	   set	  	  windows	  at	  10	  years.	  In	  order	  to	  avoid	  possible	  interferences	  between	  the	  two	  main	  sets	  of	  variables,	  we	  first	  ran	  them	  in	  two	  separate	  models,	  and	  subsequently	  ran	  a	  final	  model	  with	  all	  the	  theoretical	  variables.	  Then	  we	  ran	  three	  definitive	  models:	  in	  the	  Model	  1,	  we	  ran	   the	   control	   variables	   and	   focal	   patent	   variables;	   in	   the	  Model	   2	   we	   ran	   the	  control	  variables	  and	   the	  backward	  citation	  variables;	   in	   the	  Model	  3	  we	  ran	  the	  control	  variables,	   the	   focal	  patent	  and	  the	  backward	  citation	  variables.	  The	   latter	  analysis	  is	  fairly	  consistent	  with	  the	  results	  obtained	  from	  Model	  1	  and	  Model	  2.	  In	  fact	  all	   theoretical	  and	  control	  variables	  which	  were	  significant	   in	  Model	  1	  and	  2	  remain	  significant	   	   	   in	  Model	  3	  (with	  the	  exception	  of	  one,	   the	  Other	  Depth	  Ratio	  variable),	   and	   point	   in	   the	   expected	   directions,	   providing	   support	   for	   the	  hypotheses.	   Moreover,	   the	   correlation	   table	   reveals	   relatively	   low	   correlation	  values	  between	  all	  the	  variables,	  except	  for	  those	  concerning	  research	  experience	  in	   industry-­‐related	   and	   –unrelated	   domain,	   which	   show	   a	   slightly	   higher	  correlation	  index	  (0.7).	  However	  a	  further	  check	  was	  operated	  using	  the	  Variance	  Inflation	  Factor	   test,	   and	  all	   the	  coefficients	   stand	  well	  below	   the	  critical	   level	  of	  10.	  	  Concerning	  the	  focal	  patent	  variables,	  we	  refer	  to	  Model	  1.	  In	  line	  with	  our	  theory	  in	   Hypothesis	   1,	   knowledge	   specificity	   has	   a	   negative	   effect	   on	   innovative	  
	  	   66	  
performance	  with	  a	  coefficient	  of	  	  -­‐0.1088.	  	  Thus	  for	  firms	  entering	  in	  an	  emerging	  domain,	  the	  more	  specificity	  of	  knowledge	  developed	  within	  the	  domain,	  the	  lower	  the	   expected	   performance.	   On	   the	   contrary,	   with	   Hypothesis	   2,	   we	   verified	   that	  knowledge	   complementarity	   in	   the	   industry-­‐related	   domains	   constitutes	   an	  advantage	   through	  which	   firms	  can	  generate	  new	  and	  relevant	  knowledge	   in	   the	  emerging	  domain.	  The	  related	  coefficient	  is	  positive	  (0.2968)	  and	  fairly	  significant.	  Concerning	   Hypotheses	   3	   and	   4,	   the	   results	   show	   that	   the	   net	   effect	   of	   the	  theoretically	   opposite	   contributions	   of	   novelty	   and	   absorptive	   capacity,	   coming	  from	   knowledge	   complementarity	   in	   the	   unrelated-­‐industry,	   is	   relatively	  significant	   and	   positive	   too.	   Thus	   Hypothesis	   3	   is	   verified.	   Nevertheless	   its	  absolute	   value	   (0.0851)	   is	   lower	   than	   the	   coefficient	   of	   knowledge	  complementarity	  in	  the	  industry-­‐related	  domains	  (0.2968).	  Therefore,	  Hypothesis	  4	  is	  also	  verified.	  This	  means	  that	  researching	  in	  an	  emerging	  domain	  by	  crossing	  the	  domains’	  boundaries	  towards	  those	  domains	  which	  will	  still	  play	  a	  role	  in	  the	  new	   technological	   industry	   paradigm	   has	   a	   positive	   effect	   on	   innovative	  performance	  of	  the	  knowledge	  developed.	  This	  effect	  is	  still	  positive	  even	  if	  lower,	  when	  the	  crossed	  domains	  lie	  outside	  the	  new	  technological	  industry	  paradigm.	  In	  such	  a	  case	  in	  fact,	  the	  absorptive	  capacity	  is	  supposed	  to	  have	  a	  negative	  impact	  even	  if	  in	  part	  compensated	  by	  higher	  expectations	  in	  terms	  of	  novelty.	  In	  Model	   2	  we	   specifically	   address	   the	   leverage	   variables.	  We	   can	   see	   that	   since	  Hypothesis	  6	  and	  Hypothesis	  7	  are	  verified,	  leveraging	  internal	  knowledge	  across	  industry-­‐related	   and	   industry	   unrelated	   domain	   produces	   positive	   results	   (with	  coefficients	   equal	   to	   0.5404	   and	   0.4206	   respectively),	   in	   line	   with	   the	   theory	  demonstrated	   in	   Hypothesis	   2	   and	   Hypothesis	   3.	   The	   only	   exception	   is	   for	  Hypothesis	   5,	   which	   is	   not	   verified	   completely.	  Moreover	  with	   Hypothesis	   8	  we	  verified	  again	  that	  the	  proportion	  in	  terms	  of	  effects	  on	  technological	  performance	  is	  proved	  to	  be	  higher	  when	  leverage	  occurs	  by	  crossing	  industry-­‐related	  domains	  with	   a	   coefficient	   of	   0.5404	   (compared	   to	   0.4206	   of	   the	   industry-­‐unrelated	  domains).	   	  Thus	  this	  confirms	  that	   the	   internal	  knowledge	   leveraging	   follows	  the	  main	   theoretical	   ratio	  we	   hypothesized	   for	   the	   different	   roles	   played	   by	   novelty	  and	   absorptive	   capacity	   in	   innovative	   performance.	   With	   Hypothesis	   9	   and	  Hypothesis	   10,	   (both	   fully	   verified,	   we	   tested	   whether	   leveraging	   external	  knowledge	   follows	   the	   same	   theoretical	   patterns	   of	   results	   in	   the	   innovative	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performance	   that	   we	   hypothesized	   for	   the	   internal	   leveraging.	   Moreover	   in	  Hypothesis	  9,	  we	  also	  tested	  and	  verified,	  compared	  to	  internal	  leverage,	  the	  value	  added	   on	   innovative	   performance	   coming	   from	   the	   combination	   of	   external	  sources	  of	  knowledge.	  Finally	  in	  Model	  3,	  where	  we	  tested	  the	  two	  sets	  of	  variables	  together,	  we	  obtained	  practically	   the	  same	  results,	   	   the	  only	  difference	  regarding	  the	  Other	  Depth	  Ratio	  which	  proves	  no	  longer	  significant.	  	  	  	  	  	  	  For	   the	   controls,	   the	   most	   interesting	   novelty	   concerns	   the	   variables	   Research	  Experience	   in	   industry-­‐related	   domain	   and	   Research	   Experience	   industry-­‐unrelated	   domain.	   The	   former	   is	   quite	   significant,	   with	   a	   positive	   coefficient	   of	  0.1314	  as	  was	  our	  expectations.	  The	   latter	  on	   the	   contrary	   is	   still	   significant	  but	  the	   coefficient	   is	   surprisingly	   negative	   (-­‐0.1229).	   This	   result	   may	   be	   due	   to	   the	  priority	   in	   resource	   allocation,	   meaning	   that	   in	   the	   face	   of	   discontinuous	  technological	  substitution,	  scattering	  research	  activities	  across	  too	  many	  domains	  which	   are	   not	   directly	   involved	   in	   the	   evolution	   of	   the	   industry	   paradigm	   may	  compromise	   the	   research	   results	   in	   the	   emerging	   domain	   and	   to	   some	   extent	  hamper	   the	   full	   development	   of	   new	   knowledge.	   (Levinthal	   and	   March,	   1993,	  Ahuja	  and	  Lampert,	  2001).	  	  	  
	   Mod1	   Mod2	   Mod3	  
HP1	   Verified	   	   Verified	  
HP2	   Verified	   	   Verified	  
HP3	   Verified	   	   Not	  verified	  
HP4	   Verified	   	   Verified	  
HP5	   	   Not	  verified	   Not	  verified	  
HP6	   	   Verified	   Verified	  
HP7	   	   Verified	   Verified	  
HP8	   	   Verified	   Verified	  
HP9	   	   Verified	   Verified	  
HP10	   	   Verified	   Verified	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CONCLUSION	  In	   this	  paper	  we	  have	  attempted	  to	   identify	   the	  main	  drivers	   for	  a	   firm’s	  success	  when	   entering	   an	   emerging	   domain.	   We	   specifically	   dealt	   with	   the	   case	   of	  discontinuous	   technological	   substitution	   in	   the	   photographic	   camera,	   where	   a	  radical	  shift	  from	  chemical	  to	  digital	  technology	  has	  occurred.	  In	  general	  in	  a	  new	  technological	  paradigm,	  new	  domains	  are	  likely	  to	  emerge	  (i.e.	  digital),	  others	  may	  continue	   their	   trajectories,	   (i.e.	   optic,	   mechanical,	   electronics),	   but	   others	   are	  doomed	  to	  disappear	  (i.e.	  chemical).	  In	  case	  like	  the	  photographic	  camera	  industry,	  in	  order	  to	  compete	  in	  the	  final	  product	  market	  firms	  need	  to	  develop	  knowledge	  in	   each	   domain	   of	   the	   paradigm.	   Given	   that,	   the	   development	   of	   the	   emerging	  technology	  may	  also	  take	  advantage	  of	  the	  technological	  experience	  firms	  mature	  in	   such	   domains,	   by	   implementing	   researches	   crossing	   their	   boundaries.	   In	   that	  way	  firms	  may	  try	  to	  implement	  recombination	  processes	  and	  improve	  the	  level	  of	  novelty.	  	  In	   this	   paper	   we	   demonstrate	   that	   if	   on	   the	   one	   hand	   the	   development	   of	   new	  knowledge	   in	   the	   narrow	   emerging	   domain	   has	   a	   negative	   effect	   on	   its	  technological	  performance,	  on	  the	  other	  hand	  the	  excessive	  crossing	  in	  unrelated	  domains,	  although	  positive,	   is	  not	   the	  optimal	  solution.	  Rather	  we	  prove	   that	   the	  best	   strategy	   is	   the	   development	   of	   knowledge	   by	   the	   crossing	   towards	   the	  industry-­‐related	  domains.	   The	  main	   idea	   is	   that	   firms,	   to	   some	   extent,	  may	   reap	  benefits	  from	  the	  technological	  expertise	  in	  those	  domains	  which	  characterize	  the	  industry	   paradigm.	   Moreover	   in	   doing	   so,	   firms	   may	   also	   implement	  recombination	  processes	  among	  complementary	  domains.	  A	  critical	  assumption	  of	  the	  first	  set	  of	  the	  hypotheses	  related	  to	  this	  issue	  is	  that	  over	  time,	  firms	  active	  in	  the	   digital	   camera	   industry	   are	   supposed	   to	  mature	   technological	   experience	   in	  those	  domains	  which	  characterize	  the	   industry	  paradigm.	   In	  order	  to	  consider	  to	  what	   extent	   firms	   have	   achieved	   this,	   in	   all	   our	   analyses,	   we	   controlled	   for	   the	  research	  activities	  that	   firms	  had	  actually	  carried	  out	  over	  time	  in	  both	   industry-­‐related	   and	   industry-­‐unrelated	   domains.	   In	   this	   regard,	   we	   also	   found	   quite	  controversial	  effects:	   in	  fact,	   if	  on	  one	  hand	  previous	  research	  in	  industry-­‐related	  domains	   has	   improved	   a	   firm’s	   absorptive	   capacity	  with	   positive	   effects	   on	   firm	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performance	   in	   the	  emerging	  domain,	  on	   the	  other	  hand	  the	  analysis	  has	  proved	  that	   researching	   in	   excessively	   remote	   technological	   domains	   may	   be	  counterproductive.	  We	  explained	  this	  result	   in	  terms	  of	  priority	   in	  the	  resources’	  allocation,	   meaning	   that	   in	   the	   face	   of	   discontinuous	   technological	   substitution,	  scattering	  research	  activities	  across	  domains	  not	  directly	  involved	  in	  the	  evolution	  of	  the	  industry	  paradigm	  may	  damage	  the	  successful	  development	  of	  knowledge	  in	  the	  emerging	  domain.	  	  Nevertheless,	   other	   studies	   have	   also	   demonstrated	   that	   having	   conducted	  previous	   technological	   experiments	  does	  not	   automatically	   entail	   the	   capacity	   to	  dynamically	   use	   and	   leverage	   such	   research	   experience	   for	   the	   development	   of	  new	  knowledge.	  Based	  on	  this	  consideration,	  we	  also	  tried	  to	  address	  the	  following	  research	  question:	  can	  we	  argue	  that	  the	  actual	  leveraging,	  beyond	  mere	  research	  experimentation,	  of	  the	  existing	  knowledge	  in	  the	  emerging,	   industry-­‐related	  and	  industry	   unrelated	   domains,	   produce	   different	   results	   on	   technological	  performance?	   The	   analysis	   conducted	   demonstrated	   that	   the	   main	   patterns	   of	  results	  on	  knowledge	  performance	  due	  to	  the	  affected	  technological	  domains	  (i.e.	  knowledge	   complementarity	   in	   industry-­‐related	   and	   industry-­‐related	   domains)	  are	   almost	   totally	   confirmed	   by	   the	   results	   related	   to	   the	   technological	   domains	  actually	  leveraged.	  Therefore,	  the	  actual	  leverage	  of	  knowledge	  in	  complementary	  domains,	   beyond	   the	   mere	   research	   experimentation,	   proves	   to	   be	   a	   dynamic	  capacity	  which	  definitely	  increases	  the	  overall	  innovative	  performance	  also	  in	  the	  emerging	   domain.	   Furthermore	   the	   dynamic	   capacity	   to	   extend	   the	   scope	   of	  leveraging	  beyond	  the	  organizational	  boundary	  also	  proves	  to	  positively	  enhance	  overall	   performance,	   since	   it	   is	   expected	   to	   increase	   the	   variety	   of	   possible	  solutions	  to	  combine.	  	  Finally	  in	  developing	  knowledge	  with	  high	  levels	  of	  complementarity	  in	  industry-­‐related	   domains	   and	   in	   the	   actual	   leveraging	   of	   knowledge	   in	   industry-­‐related	  domains,	   firms	   are	   also	   able	   to	   reconcile	   two	   theoretically	   divergent	   activities:	  exploration	   i.e.	   the	   pursuit	   of	   new	   knowledge	   and	   of	   things	   that	   might	   be	  discovered;	   and	   exploitation,	   i.e.	   the	   use	   and	   development	   of	   things	   already	  known..	   In	   fact,	   “an	   organization	   that	   engages	   exclusively	   in	   exploration	   will	  ordinarily	  suffer	  from	  the	  fact	  that	  it	  never	  gains	  the	  returns	  of	  its	  knowledge;	  an	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organization	   that	   engages	   exclusively	   in	   exploitation	   will	   ordinarily	   suffer	   from	  obsolescence”	   (Levinthal	   and	   March,	   1993)(pag	   105).	   Here	   exploration,	   and	  exploration	   are	   combined	   in	   what	   the	   literature	   defines	   as	   “ambidexterity”	  (O'Reilly	   and	  Tushman,	   2004,	   Tushman	   and	  O’Reilly,	   1996),	   since	   exploration	   in	  the	  emerging	  domain	  is	  carried	  out	  consistently	  with	  exploitation	  of	  knowledge	  in	  those	   domains	   which	   prove	   to	   be	   still	   functional	   for	   the	   new	   technological	  paradigm	  of	  the	  industry.	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This	   paper	   examines	   a	   paradox:	   in	   the	   face	   of	   a	   discontinuous	  
technological	   shift,	   the	   literature	   points	   both	   towards	   a	   negative	   and	   a	  
positive	  impact	  of	  incumbents’	  competence	  endowment.	  In	  order	  to	  clarify	  
this	  point,	  we	  introduce	  the	  concept	  of	  architectural	  depth,	  which	  extends	  
and	   nuances	   the	   role	   played	   by	   product	   architecture	   in	   periods	   of	  
discontinuous	   technological	   change.	   Even	   in	   the	   case	   of	   technological	  
substitution	   of	   a	   core	   component,	   some	   competencies	   may	   need	   to	   be	  
renewed	   or	   created	   ex	   novo,	   whereas	   others	   can	   be	   maintained	   and	  
leveraged.	   Thus,	   competence	   leveraging	   can	   become	   a	   source	   of	  
competitive	   advantage,	   but	   the	   possibility	   of	   doing	   so	   is	   related	   to	   the	  
dynamic	  capability	  of	  managing	  properly	  architectural	  depth.	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INTRODUCTION	  Extant	  literature	  has	  extensively	  dealt	  with	  the	  role	  played	  by	  firm	  competencies	  in	  the	   face	  of	   technological	  shifts.	  The	  developed	  theories	  used	  to	  explain	  this	  often	  tend	   to	   apply	   dichotomous	   perspectives	   on	   innovation,	   such	   as	   radical	   vs.	  incremental,	   competence-­‐destroying	   vs.	   competence-­‐enhancing	   (Tushman	   and	  Anderson,	   1986)	   conservative	   vs.	   disruptive	   (Abernathy	   and	   Clark,	   1985),	   etc.	  Moreover,	   these	   theories	  primarily	  highlight	   the	  difficulties	   that	   firms	  encounter	  when	  a	  new	  emerging	  core	   technology	  arises.	  Nonetheless,	  even	   if	   the	  success	  of	  an	   emerging	   technology	   can	   impact	   incumbents’	   previous	   core	   competencies	  (Prahalad	   and	   Hamel,	   1990),	   this	   does	   not	   necessary	   imply	   the	   impossibility	   to	  take	   advantage	   of	   all	   those	   technological	   competencies	   that	   incumbents	   have	  developed	  before.	  On	   the	   contrary,	   it	   is	   logically	   possible	   that	   existing	   resources	  and	   competencies	   could	   also	   be	   leveraged	   to	   seize	   opportunities	   that	   emerging	  technologies	  give	   rise	   to.	  Using	   the	  Henderson	  and	  Clark	   framework	   (Henderson	  and	  Clark,	  1990),	  we	  will	  focus	  on	  the	  role	  played	  by	  existing	  competencies	  in	  the	  presence	  of	   technological	   substitution	  of	   a	   core	  product	   component,	   a	   particular	  case	   of	   discontinuous	   technological	   shift.	   We	   focus	   on	   substitution	   of	   core	  component	  because	  of	  the	  implications	  that	  this	  has	  on	  the	  roles	  of	  competencies	  in	   the	   complementary	   product	   components	   not	   affected	   by	   the	   substitution	  process.	   It	   is	   quite	   straightforward	   in	   fact,	   that	   competencies	   in	   new	   core	  component	  should	  be	  developed	  apart	  compared	  to	  the	  previous	  one.	  At	  the	  same	  time	   it	   is	   not	   so	   clear	   whether	   existing	   competencies	   in	   complementary	  components,	  which	  are	  not	  affected	  from	  the	  substitution	  process,	  may	  continue	  to	  be	   a	   source	   of	   competitive	   advantage	   or	   not.	   We	   propose	   that	   a	   critical	   role	   is	  played	   by	   the	   “technological	   architecture”,	   its	   related	   competencies	   and	   by	   the	  “architectural	  depth”,	  namely	  the	  extent	  to	  which	  such	  architectural	  competencies	  are	  rooted	  and	  spread	  within	  the	  organizational	  structure.	  From	  the	  seminal	  work	  of	  Henderson	  and	  Clark	  (Henderson	  and	  Clark,	  1990)	  to	  the	  current	  literature	  on	  “mirroring	   hypothesis”	   (Colfer	   and	   Baldwin,	   2010),	   the	   idea	   that	   product	  architecture,	   and	  more	   generally	   the	   technological	   patterns	  within	   the	   firm	  may	  impact	   on	   the	   organizational	   structure,	   have	   been	   widely	   disseminated.	   In	   this	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paper	  we	  refer	  to	  the	  concept	  of	  “architectural	  depth”,	  as	  the	  extent	  to	  which	  the	  architecture	  and	  the	  relative	  competencies	  are	  diffused	  and	  rooted	  within	  the	  firm.	  On	  one	  hand	  in	  periods	  of	  technological	  stability,	  improving	  architectural	  detph	  is	  the	   way	   by	   which	   firms	   address	   technological	   complexity	   among	   product	  components.	   On	   the	   other	   hand,	   in	   periods	   of	   technological	   substitution,	  architectural	  depth	  may	  play	  two	  hampering	  roles:	   in	   terms	  of	   inertia	  during	  the	  transition	  from	  the	  old	  to	  the	  new	  core	  component,	  and	  as	  an	  obstacle	  for	  a	  fruitful	  competence	   leveraging,	   although	   the	   latter	   aspect	   has	   not	   yet	   been	   accurately	  investigated.	  Therefore	  our	  intention	  is	  to	  explain	  that	  in	  the	  face	  of	  technological	  substitution,	  the	  issue	  of	  when	  and	  how	  the	  leveraging	  process	  should	  take	  place	  may	  be	  tackled	  by	  the	  investigation	  of	  what	  we	  define	  as	  architectural	  depth.	  The	  main	   idea	   is	   that	   the	   architectural	   depth	   may	   negatively	   moderate	   the	   positive	  effect	   of	   competence	   leveraging.	   We	   also	   propose	   that	   since	   competence	  leveraging	   impacts	   the	  way	   competence	   endowments	   are	   actually	   exploited,	   and	  thereby	   also	   the	   incumbent	   performance	   during	   the	   period	   of	   technological	  transition,	  it	  can	  be	  considered	  one	  of	  the	  processes	  by	  which	  dynamic	  capabilities	  can	   appear.	   Finally,	   since	   the	   paper	   aims	   to	   explain	   how	   to	   take	   advantage	   of	  existing	   competencies	   even	   in	   the	   face	   of	   discontinuous	   technological	   shift,	   it	  contributes	   to	   the	   previous	   literature	   by	   overcoming	   the	   dichotomous	  perspectives	  of	  innovation	  (i.e.	  competence	  enhancing	  vs.	  competence	  destroying)	  that	  have	  generally	  been	  applied	  so	  far.	  We	  shift	  our	  focus	  to	  the	  understating	  of	  the	  specific	  role	  played	  by	  the	  different	  kinds	  of	  technological	  competences,	  which	  may	  represent	  both	  a	  source	  of	  advantage	  or	  disadvantage	  respectively.	  	  	  	  
THEORETICAL	  GAP	  –	  LITERATURE	  REVIEW	  –	  COMPETENCES	  
PERSPECTIVE	  Many	   studies	   have	   highlighted	   the	   positive	   impact	   on	   firm	   performance	   gained	  from	   redeploying	   prior	   competencies	   across	   emerging	   product	   -­‐	   market	   niches	  (Carroll	   et	   al.,	   1996,	   Holbrook	   et	   al.,	   2000,	   Klepper	   and	   Simons.,	   2000,	   Klepper,	  2002).	   This	   stream	   of	   literature	   mainly	   focus	   on	   explaining	   how	   firms	   with	  specialized	  and	  transferable	  knowledge	  and	  skills,	  are	  able	  to	  perform	  better	  and	  survive	   longer.	   In	   this	  perspective,	   the	  entrance	   in	  both	  market-­‐	  and	   technology-­‐
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related	   fields	   is	   considered	   as	   a	   strategic	   option	   to	   scope	   firm	   resources	   and	  thereby	   to	   extract	   more	   value	   from	   them	   (Danneels,	   2007).	   Several	   theoretical	  (Granstrand,	  1998,	  Penrose,	  1959,	  Miller,	  1988)	  and	  empirical	  studies	  have	  widely	  supported	   the	   fungible	   nature	   of	   firm	   resources,	   and	   then	   in	   particular	   with	  regards	   to	   technological	   competencies	   (Patel	   and	  Pavitt,	   1997,	  Burgelman,	  1994,	  Gambardella	   and	   Torrisi,	   1998,	   Prahalad	   and	  Hamel,	   1990).	   Nevertheless,	   it	   has	  also	  been	  recognized	  that	  not	  all	  existing	  competencies	  actually	  constitute	  a	  source	  of	  competitive	  advantage,	  but	  that	  some	  of	  them	  rather	  are	  a	  burden,	  especially	  if	  utilized	  when	   this	   is	   not	   appropriate.	   Literature	  has	   also	   recognized	  many	  other	  factors	   explaining	   incumbents’	   difficulties	   when	   entering	   in	   emerging	   market	  niches,	   like	   for	   example,	   high	   level	   of	   commitments	   (i.e.	   investments)	   in	   the	  previous	  markets,	  the	  presence	  of	  well	  structured	  external	  networks	  (Christensen	  and	  Rosenbloom,	  1995),	  the	  incapability	  to	  recognize	  the	  real	  role	  of	  the	  emerging	  technology	   and	   the	   evolution	   of	   new	   customer	   needs	   (Christensen	   and	  Rosenbloom,	  1995),	  and	  myopia	  (Levinthal	  and	  March,	  1993).	  In	  particular,	  some	  studies	   have	   specifically	   investigated	   the	   potential	   downside	   of	   existing	  competencies,	   taking	   into	   account	   competence	   traps	   (Levitt	   and	   March,	   1988),	  core	   incompetencies	   (Dougherty,	   1995),	   core	   rigidities	   (Leonard-­‐Barton,	   1992)	  and	   path	   dependence	   phenomena,	   which	   constraining	   R&D	   activities	   (Hill	   and	  Rothaermel,	   2003)	   to	   existing	   research	   domains	   	   limits	   incumbents’	   ability	   to	  compete	  in	  emergent	  market	  niches	  (Stuart	  and	  Podolny,	  1996,	  Dierickx	  and	  Cool,	  1989,	  Helfat,	  1994,	  Patel	  and	  Pavitt,	  1997).	  According	   to	  Leonard-­‐Barton,	   “…new	  product	  and	  process	  development	  projects	  are	  obvious,	  visible	  arenas	  for	  conflict	  between	   the	   need	   for	   innovation	   and	   the	   retention	   of	   important	   capabilities”	  (Leonard-­‐Barton,	   1992).	   Hence,	   even	   when	   incumbents	   are	   able	   to	   recognize	  emerging	  technologies	  early	  on,	  they	  will	  still	  face	  the	  challenge	  of	  leveraging	  their	  existing	   capabilities,	   and	   in	   a	   paradoxical	   manner	   at	   the	   same	   time	   avoid	   their	  “dysfunctional	  flip	  side”.	  Although	  such	  a	  paradox	  has	  been	  widely	  discussed	  in	  the	  existing	  literature,	  we	  are	  still	  far	  from	  a	  coherent	  solution.	  Our	  opinion	  is	  that	  in	  order	   to	   resolve	   such	  a	  paradox,	  we	  need	   to	  move	  beyond	   the	   classical	  question	  whether	  existing	  competencies	  have	  an	  absolute	  negative	  or	  positive	  effect.	  Rather,	  using	   a	   contingency	   approach,	   we	   should	   find	   out	   when	   that	   the	   leveraging	   of	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existing	  competencies	  has	  a	  positive	  and	  negative	  effect,	  respectively,	  in	  the	  face	  of	  a	  discontinuous	  technological	  shift.	  	  Related	  to	  this	  issue,	  researchers	  have	  begun	  to	  acknowledge	  the	  relevance	  of	  the	  dynamic	   processes	   by	   which	   firms	   manipulate	   their	   competence	   endowments	  (Teece	  et	  al.,	  1997,	  Helfat	  et	  al.,	  2007,	  Teece,	  2007,	  Eisenhardt	  and	  Martin,	  2000).	  For	   example	  product	   development	  has	  been	   considered	   a	   typical	   context	   for	   the	  emergence	   of	   dynamic	   capability,	   because	   of	   its	   implications	   for	   the	   resource	  configuration	   of	   the	   firm	   (Danneels,	   2002,	   Eisenhardt	   and	   Martin,	   2000).	  Nevertheless,	   the	   identification,	   evaluation,	   and	   incorporation	   of	   new	  competencies	  within	  the	  firm	  (Danneels,	  2002,	  Danneels,	  2007)	  are	  only	  one	  side	  of	   the	  problem.	  At	   the	  same	   time	   it	   is	  also	  highly	   important	   to	   identify,	  maintain	  and	   leverage	   those	  competencies	   that	  a	   firm	  has	  already	  developed	  and	   that	   can	  continue	  to	  be	  relevant.	  Certainly,	  the	  set	  of	  relevant	  resources	  which	  firms	  need,	  may	  evolve	  with	  the	  evolution	  of	  the	  competitive	  environment	  (Granstrand,	  1998,	  Miller,	   1988,	   Ceci	   and	   Prencipe,	   2008).	   However,	   this	   does	   not	   necessary	   imply	  that	   only	   new	   competencies	   are	   needed,	   even	   in	   the	   face	   of	   a	   discontinuous	  technological	   shift.	   Moreover,	   the	   possibility	   to	   have	   access	   to	   a	   relevant	   set	   of	  resources	   that	   a	   firm	  may	   have	   already	   developed,	   can	   substantially	   differ	   from	  their	   actual	   use	   (Carroll	   et	   al.,	   1996,	   Cattani,	   2005).	  With	   regard	   to	   this	   point,	   a	  recent	   stream	   of	   literature	   has	   addressed	   the	   specific	   process	   of	   competence	  leveraging,	   as	   the	   process	   which	   concerns	   the	   use	   of	   “current	   competencies	   as	  leverage	  point	  for	  the	  adding	  of	  the	  new	  ones”	  (Danneels,	  2002,	  Danneels,	  2007).	  Moreover	   it	   has	   been	   demonstrated	   that	   successful	   firms	   entering	   in	   a	   new	  application	  domain,	  are	  those	  which	  develop	  new	  competencies	  by	  drawing	  upon	  previous	  technological	  experience	  (Carroll	  et	  al.,	  1996,	  Cattani,	  2005).	  In	  line	  with	  this	   reasoning,	   we	   here	   regard	   leveraging	   as	   the	   process	   which	   concerns	   the	  development	   of	   new	   competencies	   by	   identification	   and	   the	   use	   of	   relevant	  competencies	  firms	  have	  already	  developed.	  	  	  
	  	   81	  
COMPONENTS	  AND	  ARCHITECTURES	  In	   order	   to	   address	   this	  matter	  more	   in-­‐depth,	   and	   to	   render	   the	  mechanism	  by	  which	   leveraging	   can	   influence	   incumbent	   performance	   more	   concrete,	   we	   will	  turn	   to	   a	   particular	   case	   of	   discontinuous	   technological	   shifts,	   namely	  technological	   substitution	   (Munari	   et	   al.,	   2004,	   Thusman	   and	   Rosenkopf,	   1992,	  Levinthal,	   1998,	  Murmann	   and	   Frenken,	   2006)	   in	   a	   core	   product	   component.	   In	  doing	   so,	   we	   adopt	   the	   perspective	   that	   considers	   product	   not	   only	   as	   a	  combination	   of	   different	   subsystem,	   but	   also	   as	   an	   architecture	   of	   interacting	  technological	  components	  (Thusman	  and	  Rosenkopf,	  1992,	  Clark,	  1985,	  Constant,	  1987,	  Henderson	  and	  Clark,	  1990).	  We	  primarily	  base	  our	  analysis	  on	  the	  seminal	  work	  of	  Henderson	  and	  Clark	  (1990),	  as	  this	  offers	  a	  potentially	  fruitful	  framework	  for	  dealing	  with	  re-­‐organization	  of	  competence	  endowments	  when	  a	  technological	  substitution	   occurs.	   Drawing	   upon	   this	   framework,	   we	   see	   that	   it	   is	   possible	   to	  distinguish	  between	  product	  component	  and	  product	  architecture.	  The	  former	  is	  related	   to	   specific	   technologies,	   (knowledge,	   skills,	   and	   assets),	   having	   specific	  applications	  for	  single	  product	  components.	  The	  latter	  instead	  concerns	  the	  way	  in	  which	  these	  product	  components	  interact	  and	  are	  linked	  each	  other	  (Clark,	  1985,	  Constant,	   1987,	   Henderson	   and	   Clark,	   1990,	   Thusman	   and	   Rosenkopf,	   1992,	  Henderson	  and	  Cockburn,	  1994).	  However	  A	  number	  of	  studies	  have	  dealt	  with	  the	  key	   concept	   of	   “architecture”	   from	   different	   points	   of	   view,	   considering	   its	  organizational	   nature	   as	   a	   affecting	   companies’	   organizational	   routines,	   e.g.	  communication	   channels,	   information	   filters,	   and	   problem-­‐solving	   strategies	  (Henderson	   and	   Clark,	   1990),	   or	   as	   including	   also	  managerial	   competencies	   like	  “dynamic	   capabilities”	   and	   “combinative	   capabilities”	   (Henderson	   and	   Cockburn,	  1994).	  This	  stream	  of	  literature	  has	  been	  far	  from	  adopting	  one	  single	  definition	  of	  product	   architecture	   (Ulrich,	   1995),	   instead	   at	   times	   blurring	   and	   confusing	   the	  concept	  with	   different	   interpretations	   of	   dominant	   design,	   as	   noted	   by	  Murman	  and	  Franken	  (2006).	  According	  to	  the	  authors	  the	  main	  cause	  of	  misunderstanding	  conercerns	   the	  different	  conceptual	  perspectives	  adopted	  by	  scholars	  addressing	  this	  topic.	  For	   the	   purpose	   of	   clarity,	   and	   in	   order	   to	   avoid	   confusion	   with	   other	   possible	  interpretations,	  here	   is	  critical	   to	  distinguish	  the	  four	  different	  dimensions	  of	  the	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architecture	   concept	   that	   in	   the	   paper	  we	   are	   looking	   at.	   The	   first	   dimension	   is	  related	  to	  the	  final	  product	  and	  the	  relative	  physical	  components	  embedded	  in	  it.	  Each	  component	  can	  be	  considered	  as	  a	  subsystem	  of	  the	  overall	  product-­‐system,	  which	  is	  physically	  linked	  to	  the	  others	  in	  what	  we	  mean	  by	  “product	  architecture”.	  The	  way	  in	  which	  such	  product	  architecture	  is	  designed,	  consequently	  impacts	  on	  the	   final	   product	   functionality.	   The	   second	   level	   concerns	   the	   technological	  dimension.	   Components	   in	   fact,	   are	   not	   only	   defined	   by	   the	   main	   physical	  functionality	   they	   operate,	   but	   also	   by	   the	   technology	   which	   performs	   such	  functionality.	  From	  this	  perspective	  we	  can	  refer	  to	  “technological	  components”	  as	  the	   technological	   dimension	   by	   which	   component	   functionality	   is	   performed.	  Because	   of	   the	   close	   interdependence	   among	   physical	   components	   which	  reciprocally	   operate	   within	   the	   final	   product,	   also	   the	   relative	   technologies	   are	  required	   to	   interact	  each	  others.	  Such	   technological	   interaction	   is	  what	  we	  mean	  by	  “technological	  architecture”.	  The	  third	  dimension	  is	  related	  to	  the	  competencies	  firms	  have	  developed	  into	  the	  domains	  of	  each	  technological	  component,	  and	  the	  competencies	   developed	   in	   those	   technological	   interactions	  which	   characterized	  the	   technological	   architecture.	   Then,	   while	   the	   former	   are	   domain	   specific,	   the	  latter,	   the	   “architectural	   competencies”,	   are	   cross-­‐domains.	   Finally,	   the	   last	  dimension	  is	  played	  by	  the	  internal	  organizational	  structure	  of	  the	  firm.	  From	  the	  seminal	   work	   of	   Henderson	   and	   Clark,	   innovation	   literature	   has	   been	   widely	  supporting	   the	   so	   called	   “mirroring	   hypothesis”	   (for a review, see Colfer and 
Baldwin, 2010),	  according	  to	  which	  we	  see	  that	  “in	  the	  design	  of	  a	  complex	  system,	  the	  technical	  architecture,	  division	  of	  labor	  and	  division	  of	  knowledge	  will	  “mirror”	  one	   another	   in	   the	   sense	   that	   the	   network	   structure	   of	   one	   corresponds	   to	   the	  structure	  of	   the	  others”	   (Colfer	  and	  Baldwin,	  2010).	  The	  main	   implication	  of	   this	  correspondence	  is	  that	  technological	  architecture,	  architectural	  competencies	  and	  organizational	   structure	   (i.e.	   the	   fourth	   dimension	   of	   the	   architecture),	   will	   be	  strongly	  related	  to	  the	  main	  technological	  paradigm	  firms	  deal	  with.	  	  In	   this	   paper	   the	   substitution	   of	   the	   core	   product	   component	   is	   exogenous	  discontinuous	  technological	  shift,	  which	  comes	  from	  the	  evolution	  of	  the	  external	  landscape,	   and	   that	   firms	   have	   to	   recognize	   and	   accept	   if	   they	  want	   continue	   to	  survive.	  Thus	  our	  analysis	  focus	  on	  the	  competencies	  which	  firms	  actually	  manage	  by	  themselves	  as	  a	  way	  to	  react	  to	  the	  discontinuous	  technological	  shift.	  And	  since	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competencies	   are	   logically	   related	   to	   the	   technologies,	   rather	   then	   the	   physical	  dimension	   of	   the	   product,	   in	   this	   paper	   we	   look	   at	   product	   components	   and	  product	  architecture	  always	  referring	  to	  their	  technological	  dimensions,	  	  However	  even	  if	  we	  base	  on	  the	  Henderson	  and	  Clark’s	  framework,	  we	  also	  differ	  from	  that	  with	  regards	  to	  two	  main	  aspects.	  First	  of	  all,	  since	  they	  deal	  specifically	  with	  a	  case	  of	  “architectural	  innovation”,	  they	  do	  not	  specifically	  deal	  with	  the	  case	  of	  what	  they	  propose	  as	  “radical	   innovation”.	   Instead,	   they	  conclude	  that	  “…since	  radical	   innovation	   changes	   the	   core	   design	   concepts	   of	   the	   product,	   it	   is	  immediately	  obvious	  that	  knowledge	  about	  how	  the	  old	  components	  interact	  with	  each	  other	  is	  obsolete”	  (Henderson	  and	  Clark,	  1990,	  p.	  17).	  Secondly,	  they	  analyze	  the	  role	  of	  product	  architecture	  at	  an	  organizational	  level,	  but	  do	  not	  consider	  how	  incumbents	   could	   actually	   get	   an	   advantage	   or	   disadvantage	   from	   the	   existing	  competence	   endowments.	  We	   specifically	   focus	   on	   the	   process	   of	   technological	  
substitution	  as	  the	  phenomenon	  in	  which	  a	  shift	  from	  one	  established	  technology	  to	   an	   emerging	   one	   affects	   one	   of	   the	   technological	   components	   embedded	   in	   a	  product,	  improving	  the	  overall	  performance	  and/or	  product	  features	  and	  functions	  (Thusman	   and	   Rosenkopf,	   1992).	   In	   particular,	   we	   deal	   with	   technological	  substitution	   of	   core	   component	   and	   affecting	   also	   the	   product	   architecture	   (i.e.	  what	  Henderson	  and	  Clark	  define	  as	  radical	  innovation).	  We	  prefer	  to	  distinguish	  the	  concept	  of	  technological	  substitution	  for	  several	  reasons.	  the	  first	  reason	  is	  that	  when	   an	   emerging	   technology	   is	   able	   to	   affect	   both	   a	   core	   component	   and	   the	  architecture,	  the	  understanding	  of	  what	  competencies	  can	  continue	  to	  be	  relevant	  and	  useful,	  is	  not	  so	  immediately	  obvious	  as	  it	  may	  seem.	  Even	  if	  we	  acknowledge	  the	   simultaneous	  need	   for	  new	  competencies	   in	  both	  emerging	   technologies	  and	  new	   product	   architecture,	   it	   is	   not	   so	   clear	   what	   is	   the	   role	   of	   the	   existing	  competencies	  for	  the	  complementary	  components.	  These	  are	  the	  components	  not	  affected	  by	   the	   substitution	  process	   and	  which	   continue	   to	  be	   embedded	   also	   in	  the	   new	   product	   architecture.	   As	  we	   try	   to	   explain	   in	   the	   following	   paragraphs,	  when	  the	  process	  of	  technological	  substitution	  of	  core	  components	  is	  able	  to	  shape	  the	  existing	  product	  architectures	  into	  a	  new	  one	  (Thusman	  and	  Rosenkopf,	  1992,	  Murmann	  and	  Frenken,	  2006),	  such	  a	  new	  product	  architecture	  can	  be	  seen	  as	  a	  new	   application	   domain,	   	   in	   which	   both	   the	   complementary	   and	   the	   new	   core	  components	   converge.	   Then,	   the	   comprehension	   of	   the	   role	   of	   existing	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competencies	   in	  complementary	  components	  during	   the	  process	  of	   technological	  substitution	   is	   particularly	   relevant.	   For	   this	   reason,	   we	   also	   retain	   that	   our	  analysis	   should	   avoid	   to	   apply	   the	   classical	   dichotomous	   approach	   of	   radical	   vs.	  incremental	   innovation	   or	   competencies	   enhancing	   vs.	   competencies	   destroying	  breakthrough	   (and	   so	   on…),	   but	   instead	   investigate	   the	   dynamic	   process	   of	  competence’	  renewal	  in	  more	  detail.	  	  	  
TECHNOLOGICAL	  SUBSTITUTION	  AND	  EMERGING	  TECHNOLOGIES	  Technological	   substitution	   on	   the	   product	   component	   level	   is	   generally	  considered	   as	   a	   key	   driver	   of	   innovation	   (Munari	   et	   al.,	   2004,	   Thusman	   and	  Rosenkopf,	   1992,	   Levinthal,	   1998,	   Funk,	   2008).	   In	   recent	   years,	   examples	   of	  technological	  substitution	  have	  become	  more	  and	  more	  frequent	  and	  disruptive.	  In	  the	   last	   10	   years,	   for	   example,	   the	   TV	   industry	   has	   undergone	   a	   technological	  substitution	   process,	   from	   CRT	   to	   LCD	   technology.	   Similarly,	   in	   the	   automotive	  industry,	   the	   diesel	   engine	   has	   progressed	   from	   classical	   indirect	   fuel	   injection	  systems	   to	   the	   Common	   Rail	   system,	   currently	   the	   dominant	   technology	   of	   the	  industry	   (UNRAE	   2004	   report).	   The	   music	   industry	   has	   radically	   changed	   as	   a	  result	  of	  technological	  substitution,	  moving	  from	  uncompressed	  to	  the	  MP3	  music	  format	  (IFPI	  Digital	  Music	  Report	  2009).	  All	  of	  these	  examples	  are	  characterized	  by	  the	  substitution	  of	  a	  core	  component	  (i.e.	  the	  technology	  of	  imaging	  display	  for	  the	  TV,	  the	  technology	  of	  fuel	  injection	  for	  diesel	  engines	  and	  the	  digital	  format	  for	  the	  music	  device)	  within	  a	  bundle	  of	  complementary	  product	  components,	  which	  have	  continued	   to	   play	   a	   role	   also	   in	   the	   new	   product	   generation.	   In	   general,	   an	  
emerging	   technology	   involved	   in	   a	   technological	   substitution	   process	   can	   be	  either	  a	  brand	  new	  technology	  or	  a	  technology	  resulting	  from	  a	  recombination	  of	  complementary	   ones	   (Garud	   and	   Nayyar,	   1994,	   Hargadon	   and	   Sutton,	   1997,	  Levinthal,	   1998);	   it	   can	   stem	   either	   from	   the	   same	   industry	   or	   from	   another,	  unrelated	  industry.	  Ahuja	  and	  Lampert	  (2001),	  define	  three	  main	  typology	  of	  new	  technology:	   “novel	   technologies,	   in	   which	   the	   firm	   lacks	   prior	   experience;	  pioneering	   technologies,	   which	   do	   not	   build	   on	   any	   existing	   technologies;	   and	  emerging	  technologies,	  which	  are	  recent	  or	  newly	  developed	  in	  the	  industry”	  (Ahuja	  and	   Lampert,	   2001).	   The	   latter	   typology	   is	   particularly	   interesting,	   because	   the	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crossing	   over	   of	   technologies	   from	   one	   industry	   to	   another	   is	   a	   good	   way	   to	  describe	  how	  technological	  substitution	  could	  shape	  new	  generations	  of	  products,	  bringing	  about	  a	  need	  for	  new	  product	  competencies,	  at	  both	  the	  component	  and	  the	   architecture	   levels.	  Moreover,	   the	   possibility	   to	   compete	   in	   the	   new	  product	  generation	  and	  to	  enter	  in	  emergent	  product-­‐market	  niches,	  may	  at	  times	  not	  only	  be	   a	   strategic	   option,	   but	   it	   may	   constitute	   an	   inevitable	   “must”	   (Helfat	   and	  Lieberman,	   2002).	   A	   good	   example	   of	   this	   can	   be	   found	   in	   what	   literature	   has	  defined	  as	  “converging	  contexts”,	   in	  which	  firms	  tend	  to	  overstep	  the	  boundaries	  that	   outline	   their	   original	   industry	   with	   the	   purpose	   to	   reinvent	   this	   industry	  (Yoffie,	   1996,	   Wirtz,	   2001).	   In	   such	   cases,	   both	   the	   leveraging	   of	   existing	  competencies	  and	  the	  development	  of	  new	  ones	  constitute	  not	  only	  an	  opportunity	  to	  take	  advantage	  of	  the	  process	  of	  market	  reconfiguration	  (Jacobides	  et	  al.,	  2006),	  but	   it	   is	   actually	   a	   way	   to	   achieve	   long	   term	   survival.	   Consequently,	   it	   is	   quite	  evident	   that	   incumbents	   need	   to	   understand	   how	   to	   react	   when	   an	   emerging	  technology	   shapes	   a	   technological	   substitution	   process	   and	   new	   generations	   of	  product	  arise	  (Kogut	  and	  Zander,	  1992,	  Levinthal,	  1998,	  Garud	  and	  Nayyar,	  1994,	  Abernathy	  and	  Clark,	  1985,	  Rosenkopf	  and	  Nerkar,	  2001,	  Thusman	  and	  Rosenkopf,	  1992).	   However,	   even	   if	   existing	   theories	   on	   technological	   shifts	   and	   innovation	  highlight	  the	  challenges	  imposed	  upon	  incumbents	  in	  this	  process,	  they	  still	  leave	  us	  wanting	  when	  it	  comes	  to	  how	  these	  challenges	  should	  be	  overcome.	  
	  
EMERGING	  TECHNOLOGIES,	  CORE	  COMPONENTS	  AND	  THE	  
PRODUCT	  ARCHITECTURE	  	  Concerning	  the	  mechanism	  of	  competence	  renewal	  in	  technology-­‐based	  firms,	  it	  is	  widely	   acknowledged	   that	   technological	   competencies	   tend	   to	   evolve	   and	   co-­‐evolve	  with	  their	  relative	  businesses	  (Granstrand,	  1998,	  Ceci	  and	  Prencipe,	  2008,	  Miller,	  1988).	  However,	  the	  occurrence	  of	  a	  discontinuous	  technological	  shift	  may	  trigger	  not	   only	   the	   enhancement	  or	  destruction	  of	   competencies	   (Tushman	  and	  Anderson,	   1990).	   During	   this	   process,	   some	   competencies	   are	   doomed	   to	   be	  scrapped	   and	   substituted,	   new	   ones	   to	   be	   added,	   and	   yet	   others,	   as	   mentioned	  above,	   need	   to	   be	   maintained	   and	   redeployed	   (Granstrand,	   1998,	   Helfat,	   1997,	  Helfat	   and	   Peteraf,	   2003).	   When	   a	   technological	   substitution	   affects	   a	   product	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component,	   the	   incumbent’s	   first	   critical	   task	   should	   be	   the	   development	   of	  competencies	  in	  the	  emerging	  technology;	  then	  our	  first	  base-­‐line	  proposition	  is:	  
Proposition	   1:	   incumbents’	   development	   of	   competencies	   in	   emerging	  
technologies	   positively	   influences	   their	   performance	   in	  
periods	  of	  technological	  substitution.	  Nonetheless	  not	  all	  the	  components	  have	  the	  same	  relevance,	  but	  it	  is	  possible	  to	  distinguish	   what	   it	   is	   commonly	   called	   core	   components.	   Prahalad	   and	   Hamel	  (1990)	   use	   the	   concept	   of	   “core	   product”,	   underlining	   that	   a	   core	   component	   is	  able	  to	  directly	  contribute	  to	  the	  nature	  and	  the	  value	  of	  the	  end	  product.	  Because	  of	  its	  relevance,	  firm	  activities	  should	  be	  organized	  with	  the	  purpose	  of	  valorizing	  such	   components	   and	   their	   related	   competencies.	   They	   also	   argue	   that	   core	  competencies,	  which	  are	  physically	  embodied	  within	  the	  core	  component,	  concern	  also	   the	   “integration	   of	   multiple	   streams	   of	   technologies”	   (Prahalad	   and	   Hamel,	  1990),	   and	   their	  harmonization	  within	   the	  end	  product.	  From	   this	  point	  of	  view,	  the	  role	  of	  core	  components	  and	  their	  related	  competencies	  is	  strongly	  related	  to	  the	  competencies	  related	  to	  the	  architecture.	  In	  fact,	  core	  components	  also	  play	  a	  critical	  role	  at	  the	  architecture	  level	  given	  the	  critical	  interactions	  that	  they	  tend	  to	  develop	  with	  the	  other	  components	  embedded	  within	  the	  architecture.	  According	  to	   Tushman	   and	   Rosenkopf	   (Thusman	   and	   Rosenkopf,	   1992),	   technological	  components	  can	  be	  hierarchically	  ordered	  on	  the	  base	  of	   their	  centrality	  and	  the	  linkages	  they	  have	  developed	  within	  the	  system.	  A	  higher	  number	  of	  technological	  interactions	  between	  the	  core	  and	  the	  other	  components	   increases	   the	  relevance	  of	   the	   core	   and	   then	   also	   the	   role	   of	   the	   architecture.	   For	   this	   reason,	   the	  more	  relevant	   a	   core	   component	   is	   within	   the	   architecture,	   the	   more	   technological	  changes	   affecting	   this	   specific	   core	   component	   are	   also	   likely	   to	   affect	   the	  architecture.	   Murmann	   and	   Frenken	   (Murmann	   and	   Frenken,	   2006)	   argue	   that	  interdependence	  and	  technological	  imbalance,	  high-­‐frequency	  interaction	  between	  the	   core	   and	   the	   periphery,	   the	   number	   of	   product	   traits	   affected	   by	   the	  component,	   are	   all	   critical	   factors	   characterizing	   the	   complexity	   of	   a	   system.	   In	  high	   complex	   system,	   technology	   cycles	   “marked	   by	   the	   processes	   of	   variation,	  selection,	   and	   retention”	   (p.	   938,	   Murmann	   and	   Frenken,	   2006)	   are	   actually	  started	   from	   a	   discontinuity	   in	   the	   core	   component.	   When	   a	   process	   of	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technological	   substitution	   affects	   a	   core	   component	   (Thusman	   and	   Rosenkopf,	  1992,	  Henderson	  and	  Clark,	  1990),	  also	  the	  relative	  architecture	  will	  be	  modified,	  since	   different	   combinations	   of	   components	   and	   different	   technological	  interactions	   among	   them	   also	   imply	   different	   different	   critical	   problems	   at	   the	  architectural	  level	  (Funk,	  2008).	  
	  
PRODUCT	  ARCHITECTURE	  AND	  EFFECTS	  OF	  ARCHITECTURAL	  
DEPTH	  In	  situation	  like	  this,	  Henderson	  and	  Clark	  (1990)	  have	  previously	  recognized	  that	  incumbents	  tend	  to	  fail	  not	  so	  much	  in	  the	  development	  of	  specific	  competencies	  in	  the	   emerging	   technology,	   but	   rather	   in	   the	   actual	   renewal	   of	   the	   architecture.	  According	   to	   these	   authors,	   the	   old	   architecture	  will	   tend	   to	   hinder	   incumbents	  when	   a	   new	   architecture	   arises	   through	   three	   main	   mechanisms.	   The	   first	  concerns	   the	   established	   “communication	   channels”	   among	   the	   different	  organizational	   units,	   which	   reflects	   the	   main	   technological	   linkages	   among	   the	  different	   technological	   subsystems	   of	   the	   architecture.	   Indeed,	   the	   internal	  information	   flow	   can	   be	   considered	   as	   a	   result	   of	   the	   “system-­‐level	   critical	  problems”	   (Thusman	   and	   Rosenkopf,	   1992),	   that	   are	   typical	   for	   those	  technological	   interactions	   which	   characterized	   the	   architecture.	   The	   second	  mechanism	   is	   the	   presence	   of	   “information	   filters”,	   developed	   within	   the	  organization	  in	  order	  to	  reduce	  the	  complexity	  of	  the	  overall	  information	  flow	  and	  filter	  out	  the	  information	  that	  is	  supposed	  to	  be	  non-­‐relevant.	  The	  last	  mechanism	  concerns	  the	  natural	  tendency	  of	  organizations	  to	  become	  more	  efficient	  in	  solving	  the	   more	   common	   technological	   problems.	   Such	   efficiency	   is	   the	   result	   of	   the	  implementation	   of	   specific	   routines,	   defined	  with	   the	  purpose	   of	   formalizing	   the	  best	  practices	  and	  solutions	  for	  each	  of	  these	  problems.	  From	  this	  work	  it	  is	  quite	  evident	   how	   the	   architecture	   represents	   a	   firm	   effort	   to	   address	   the	   increasing	  complexity	  of	  the	  system	  and	  how	  the	  development	  of	  architectural	  competencies	  has	  a	  clear	  organizational	  implications:	  the	  more	  the	  complexity	  of	  the	  system,	  the	  more	   firms	   will	   develop	   and	   diffuse	   architecture	   within	   the	   organization.	   The	  extent	   to	  which	   the	   architecture	   and	   the	   relative	   competencies	   are	   diffused	   and	  rooted	  within	  the	  firm	  is	  what	  we	  define	  as	  architectural	  depth.	  Higher	  levels	  of	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architectural	  depth	  occur	  to	  the	  extent	  to	  which	  firms	  have	  to	  face	  more	  complex	  system.	   In	   fact,	   contrarily	   to	   the	   case	  of	  modular	   system	  (Sanchez	  and	  Mahoney,	  1996),	  the	  complexity	  requires	  more	  coordination	  among	  different	  organizational	  units	   and	   then	   more	   diffused	   architecture	   ,	   which	   are	   able	   to	   cross	   over	   and	  integrate	   the	   different	   technological	   components	   of	   the	   system.	   Moreover,	   as	  described	   above,	   within	   complex	   systems	   core	   components	   appear	   to	   be	  characterized	   by	   a	   greater	   number	   of	   technological	   interactions	   with	   the	   other	  components,	   and	   by	   a	   higher	   level	   of	   relevance	   for	   the	   functioning	   of	   the	  architecture.	  As	  a	  result	  of	   this,	   the	  more	  core	  component	   is	   interlinked	  with	  the	  other	   components	   of	   the	   system,	   the	   higher	   is	   the	   resulting	   complexity.	   Finally,	  since	   the	  architectural	   competencies	  will	  be	   tailored	  around	   the	  core	   in	  order	   to	  cope	   with	   the	   complexity	   that	   it	   gives	   rise	   to	   within	   the	   system,	   the	   effect	   of	   a	  technological	   substitution	   will	   be	   higher	   when	   it	   specifically	   concerns	   the	   core	  component.	  Then,	   if	   on	   the	   one	   hand	   improving	   architecture	   is	   a	   good	   way	   to	   deal	   with	  complexity	   and	   to	   better	   integrate	   different	   technological	   components	   within	   a	  system.	  On	   the	   other	   hand,	   a	   high	   level	   of	  architectural	   depth	   limits	   the	   firms’	  ability	   to	   renew	   their	   architectures	   when	   a	   substitution	   of	   the	   core	   component	  occurs,	  due	  to	  the	  organizational	  implications	  that	  the	  architecture	  give	  rise	  to,	  as	  noted	  form	  Henderson	  and	  Clarck	  (Henderson	  and	  Clark,	  1990).	  	  Also	  other	  contributions	  have	  validated	  the	  so	  called	  “mirroring”	  (for	  a	  review,	  see	  (Colfer	   and	   Baldwin,	   2010)	   hypothesis,	   according	   to	   which	   we	   see	   that	   “in	   the	  design	   of	   a	   complex	   system,	   the	   technical	   architecture,	   division	   of	   labor	   and	  division	   of	   knowledge	   will	   “mirror”	   one	   another	   in	   the	   sense	   that	   the	   network	  structure	  of	  one	  corresponds	  to	  the	  structure	  of	   the	  others”	  (Colfer	  and	  Baldwin,	  2010).	  When	  incumbents	  need	  to	  switch	  from	  an	  old	  architecture	  to	  a	  new	  one,	  the	  correspondence	   between	   organizational	   ties	   and	   technological	   dependencies	  underlying	   the	   system	  may	   thus	   represent	   a	   source	   of	   potential	   inertia	   (Hannan	  and	   Freeman,	   1984).	   In	   fact,	   in	   the	   case	   of	   technological	   substitution	   of	   a	   core	  component,	   all	   the	   architectural	   competencies	   that	   have	  matured	   over	   time	   and	  are	  deeply	  diffused	  within	  the	  organizational	  structure,	  will	  take	  the	  role	  of	  what	  the	   literature	   define	   as	   core	   rigidities	   (Leonard-­‐Barton,	   1992)	   or	   core	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incompetencies	   (Dougherty,	   1995;	   Dougherty	   and	   Hardy,	   1996).	   Therefore,	   the	  effect	  of	  these	  impeding	  factors	  in	  renewing	  the	  architecture	  is	  higher	  in	  the	  extent	  to	  which	  architectural	  depth	  is	  high.	  In	  the	  light	  of	  this,	  we	  propose	  that:	  	  
	  
Proposition	  2a:	  high	  level	  of	  architectural	  depth	  positively	  influences	  
firm	  performance	  in	  dealing	  with	  system	  complexity,	  in	  
periods	  of	  technological	  substitution	  of	  a	  core	  component.	  
Proposition	  2b:	  high	  level	  of	  architectural	  depth	  negatively	  influences	  
firms’	  ability	  to	  develop	  a	  new	  architecture	  in	  periods	  of	  
technological	  substitution	  of	  a	  core	  component.	  
Proposition	  3:	  new	  architectural	  competencies	  positively	  influences	  firm	  
performance	  in	  periods	  of	  technological	  substitution	  of	  core	  
components.	  
	  
LEVERAGING	  EXISTING	  COMPONENT	  COMPETENCIES	  AND	  FIRM	  
PERFORMANCE	  This	   far,	   our	   discussion	   has	   concerned	   the	   effect	   of	   what	   Danneels	   defines	   as	  
second-­order	  capabilities,	  namely	  “the	  ability	  to	  identify,	  evaluate,	  and	  incorporate	  new	   technological	   competencies	   into	   the	   firm”	   (Danneels	   2002,	   p.	   1097).	  Moreover,	   we	   also	   consider	   the	   controversial	   role	   played	   by	   the	   specific	  architectural	   competencies.	   However	   we	   didn’t	   investigated	   yet	   how	   and	   when	  firms	  should	  take	  advantage	  of	  all	  the	  other	  technological	  competencies	  firms	  have	  previously	   developed	   through	   the	   leveraging	   process.	   Here	   we	   consider	   the	  leveraging	   process	   as	   an	   option	   directly	   involved	   in	   development	   of	   new	  competence	  (Cattani,	  2005).	   In	   fact,	   from	  this	  perspective,	  not	  all	   the	  established	  competencies	  may	   have	   a	   detrimental	   effect	   on	   the	   ability	   to	   perform	   in	   a	   new	  market	   niche,	   as	   those	   in	   the	   architecture.	   On	   the	   contrary,	   leveraging	   existing	  competencies,	  as	  well	  as	  creating	  new	  ones,	  may	  become	  a	  source	  of	  competitive	  advantage	  rather	  than	  a	  constraint.	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The	   starting	   consideration	   is	   that	   as	   firms	   with	   different	   set	   of	   resources	   are	  supposed	   to	   perform	   in	   different	   way,	   as	   well	   even	   firms	   with	   similar	   bases	   of	  resources	  can	  exploit	  them	  in	  different	  way	  with	  different	  results	  (Penrose,	  1959).	  In	  fact,	  having	  access	  to	  a	  relevant	  set	  of	  resources	  is	  a	  quite	  different	  thing	  from	  actually	   using	   them	   in	   a	   fruitful	   manner	   (Carroll	   et	   al.,	   1996,	   Cattani,	   2005).	  Consequently,	   the	   ability	   to	   take	   advantage	   of	   existing	   competence	   endowments	  can	  differ	  among	  firms,	  as	  well	  as	  the	  ability	  to	  create	  new	  competences	  can	  differ.	  Thus,	   incumbents	   can	   fail	   not	   only	   in	   the	   development	   of	   competencies	   in	   the	  emerging	   technology	   area	   and	   the	   renewal	   of	   the	   architectural	   ones,	   but	   also	   in	  extracting	   the	   potential	   value	   from	   those	   competencies	  which	   derive	   from	   their	  past	  technological	  experience	  (Garud	  and	  Nayyar,	  1994).	  	  In	  this	  case	  the	  understanding	  of	  what	  competencies	  can	  be	  leveraged	  and	  which	  can	  not	  be	  leveraged,	  is	  not	  so	  immediately	  obvious	  as	  it	  may	  seem,	  since	  it	  is	  not	  clear	   what	   should	   be	   the	   actual	   role	   of	   developed	   competencies	   in	   the	   existing	  product	   components.	   In	   particular,	   we	   concern	   with	   the	   complementary	  
components,	   that	   are	   those	   not	   affected	   by	   the	   substitution	   process	   and	   which	  continues	  to	  be	  embedded	  also	  in	  the	  new	  generation	  product.	  As	  we	  argue	  in	  the	  following	   paragraph,	   technological	   substitution	   affecting	   the	   core	   product	  components	  may	  shape	  an	  existing	  product	  architecture	   to	  a	  new	  one	   (Thusman	  and	  Rosenkopf,	  1992),	  and	  the	  resulting	  new	  product	  architecture,	  can	  be	  seen	  as	  a	  new	  domain	  of	  application	  in	  which	  the	  complementary	  product	  component,	  and	  the	  new	  core	  component	  converge.	  	  From	  an	  evolutionary	  perspective	  in	  fact	  (Dosi,	  1982),	  technological	  substitution	  is	  the	  result	  of	  the	  intersection	  of	  “knowledge	  vectors”	  (Levenhagen	  et	  al.,	  1990),	  in	  which	  each	  vector	   represents	  a	   set	  of	   specific	   competencies	   related	   to	   the	   single	  product	   components.	   Following	   this	   reasoning,	   Garud	   and	   Nayyar	   (Garud	   and	  Nayyar,	   1994)	   argue	   that	   “the	   intersection	  of	   vectors	   is	   a	  moment	  of	   cumulative	  synthesis	   as	   once	   unrelated	   fields	   converge	   […];	   the	   extent	   of	   interdependence	  between	  (convergent)	  knowledge	  vectors	  affects	  the	  number	  of	  vectors	  that	  must	  be	  maintained	  simultaneously”	  (Garud	  and	  Nayyar,	  1994,	  p.	  368).	  This	  implies	  that	  some	  competencies,	  as	  well	  as	   their	   related	  components,	   should	  be	  dropped,	  but	  that	  others	  need	  to	  be	  maintained	  and	  then	  exploited	  again.	  According	  to	  Levinthal	  
	  	   91	  
(Levinthal,	   1998)	   a	   convergent	   process	   is	   the	   result	   of	   speciation	   events,	   and	  therefore	  it	  tends	  to	  be	  “technologically	  conservative”	  to	  a	  certain	  extent.	  Levinthal	  further	  explains	   that	   “new	   lineages	  may	  also	  emerge	  as	   the	   result	  of	  hybridizing	  two	  formerly	  distinct	  technologies	  into	  a	  common	  application	  context”,	  (Levinthal,	  1998,	  p.	  224)	  and	   then	  some	  competencies	  concerning	   the	   involved	   technologies	  may	  continue	  to	  persist.	  In	  a	  process	  of	  technological	  substitution	  as	  defined	  here,	  such	  a	  hybridization	   implies	   the	   introduction	  of	  a	  new	  core	  component	  based	  on	  the	  emergence	  of	  a	  new	  technology.	  Nevertheless,	   this	  hybridization	  also	   implies	  that	   the	   complementary	   product	   components,	   which	   are	   not	   affected	   by	   the	  substitution,	   can	   continue	   to	   play	   important	   roles	   in	   the	   product	   architecture,	  although	   potentially	   in	   a	   different	   way.	   For	   example,	   in	   the	   case	   of	   the	   digital	  camera,	  despite	  the	  substitution	  of	  chemical	  technology	  by	  digital	  technology,	  the	  other	  main	  components,	  such	  as	  the	  optical	  or	  mechanical	  subsystem,	  continue	  to	  constitute	   fundamental	   parts	   of	   the	   photographic	   camera.	   Then,	   considering	   the	  nature	   of	   technological	   substitution,	   it	   seems	   plausible	   that	   firms	   leveraging	  competencies	   in	   complementary	   components	   competencies	   may	   have	   a	  competitive	  advantage.	  Many	   other	  works	   come	   to	   support	   the	   positive	   effect	   of	   previous	   technological	  experience.	  Some	  authors	  have	  argued	  that	  the	  firms’	  ability	  to	  adopt	  an	  emerging	  technology	   is	   generally	   related	   to	   its	   absorptive	   capacity	   (Cohen	   and	   Levinthal,	  1990)	  and,	  therefore,	  to	  the	  prior	  technological	  experience	  (Patel	  and	  Pavitt	  1997).	  Stuart	   and	   Podonly	   (Stuart	   and	   Podolny,	   1996)	  more	   specifically	   found	   that	   the	  more	   numerous	   the	   direct	   ties	   with	   the	   existing	   technologies’	   endowment,	   the	  higher	   the	   likelihood	   that	   the	   firms’	   innovation	   would	   be	   successful.	   Cattani	  (Cattani,	  2005),	  distinguishing	  between	  having	  competencies	  (as	  a	  fortuitous	  form	  of	   preadaptation)	   and	   their	   actual	   use,	   demonstrates	   that	   building	   upon	   prior	  related	   technological	   experience	   has	   a	   positive	   impact	   on	   the	   success	   of	   firm	  entering	   in	   an	   emerging	   field.	   We	   know	   that	   competencies	   in	   complementary	  product	   components,	   which	   are	   also	   embodied	   within	   the	   new	   architecture,	  continue	  their	  common	  trajectories	  together	  with	  the	  emerging	  ones,	  as	  in	  the	  case	  of	   the	   intersection	   of	   “knowledge	   vectors”	   cited	   above	   (Levinthal,	   1998,	  Levenhagen	  et	  al.,	  1990,	  Garud	  and	  Nayyar,	  1994).	  Then,	  in	  order	  to	  extract	  all	  the	  potential	   value	   from	   existing	   endowment,	   in	   the	   development	   of	   new	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competencies	   firms	   should	   leverage	   those	   component-­‐related	   competencies	   that	  they	   have	   already	   developed	   and	   which	   are	   not	   affected	   by	   the	   substitution	  process.	  	  Nevertheless,	   as	   explained	   before,	   building	   on	   existing	   competencies	   may	   also	  increase	   the	   risk	   of	   creating	   new	   competencies	   from	   the	   cognition	   schemas	  (Tripsas	   and	   Gavetti,	   2000)	   by	   which	   incumbents	   had	   developed	   the	   old	  architecture	   (Henderson	   and	   Clark,	   1990),	   with	   resulting	   negative	   effects	  (Dougherty,	  1995;	  Leonard-­‐Barton,	  1992).	  From	  this	  consideration	  is	  quite	  evident	  that	   the	   controversial	   issue	   on	  whether	   or	   not	   leveraging	   those	   complementary	  component	  competencies,	  needs	  to	  be	  overcome.	  As	  we	  argued	  before,	  a	  possible	  solution	   is	   to	  move	  beyond	   the	   question	  whether	   firms	   simply	   should	   or	   should	  not	   leverage	   existing	   competencies	   and	   instead	   try	   to	   understand	   when	   this	   is	  actually	   the	   case,	   and	   how	   to	   do	   it.	   In	   our	   opinion,	   the	   negative	   effect	   of	  competence	   renewal	   does	   not	   primarily	   stem	   from	   the	   component-­‐related	  competencies	   “per	   se”.	   Rather,	   it	   derives	   from	   the	   extent	   to	   which	   these	  components	   are	   linked	  with	   the	   old	   architecture.	   In	   the	   previous	   paragraph,	  we	  defined	  “architectural	  depth”	  as	  the	  extent	  to	  which	  the	  old	  architecture	  is	  rooted	  within	  the	  firm,	  meaning	  that	  a	  high	  level	  of	  architecture	  depth	  is	  present	  in	  those	  systems	   characterized	   by	   a	   high	   level	   of	   technological	   interactions	   among	   core	  components	   and	   other	   complementary	   components	   in	   order	   to	   cope	   with	   the	  complexity	   of	   the	   system.	   The	   basic	   idea	   proposed	   here	   is	   that	   a	   high	   level	   of	  architectural	   depth	   is	   supposed	   to	   negatively	   impact	   on	   the	   possibility	   to	   re-­‐use	  component-­‐related	  competencies.	  Actually,	  in	  this	  case	  both	  components	  and	  their	  related	  competencies,	  will	  be	  strongly	  connected	  to	  the	  old	  architecture	  due	  to	  the	  presence,	  within	  the	  same	  architecture,	  of	  strong	  technological	  interactions	  to	  the	  old	  core	  component.	  Consequently,	   if	  a	  high	  level	  of	  architectural	  depth	  implies	  a	  strong	  relationship	  to	  the	  old	  core	  component,	  it	  is	  quite	  evident	  that	  in	  the	  case	  of	  technological	  substitution	  of	  the	  core	  component,	  the	  use	  of	  such	  competencies	  in	  a	  new	  architecture	  will	  be	  less	  fruitful.	  This	  leads	  to	  the	  following	  proposition:	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Prop	  4a:	  the	  development	  of	  new	  competencies	  in	  the	  complementary	  component	  	  by	  
leveraging	   existing	   competencies	   in	   complementary	   component	   positively	  
affects	  incumbent	  performance.	  Prop	  4b:	  the	  positive	  effect	  on	  incumbent	  performance	  of	  competence	  leveraging	  for	  
the	  development	  of	  new	  competencies	  in	  complementary	  component	  will	  be	  
negatively	  moderated	  by	  the	  depth	  of	  the	  old	  architecture.	  	  	  Moreover,	   existing	   competencies	   in	   complementary	   components	   are	   not	   only	  useful	   for	   their	   own	   renewal,	   but	   they	   are	   critical	   also	   for	   the	   renewal	   of	   the	  architecture.	   In	   fact,	   as	   Henderson	   and	   Cockburn	   (1994)	   explain	   the	   role	   of	  architectural	  competencies	  “is	  to	  make	  use	  of	  component	  competencies”	  with	  the	  purpose	  of	  integrating	  the	  relative	  components	  in	  the	  architecture.	  Consequently,	  the	  more	   the	   core	   components	   are	   connected	  within	   the	   architecture,	   the	  better	  the	   architecture	  will	   be	   able	   to	  play	   its	   role.	   In	   coherence	  with	  what	  we	   argued,	  architectural	   competencies	   building	   on	   the	   competencies	   contained	   within	  complementary	  product	  components	  exploit	  the	  competence	  base	  that	  firms	  have	  already	  developed	  in	  a	  more	  fruitful	  manner,	  and	  they	  can	  therefore	  be	  supposed	  to	  have	  a	  positive	  impact	  on	  firm	  performance.	  Furthermore,	  also	  in	  this	  case,	  the	  possibility	   to	   leverage	   existing	   competencies	   in	   the	   development	   of	   new	  architectural	  competencies	  will	  depend	  on	  the	  architectural	  depth.	  Hence:	  	  Prop	   6a:	   during	   the	   renewal	   of	   competencies	   in	   product	   architecture,	   leveraging	  
existing	   competencies	   in	   complementary	   product	   competencies	   positively	  
affect	  incumbent	  performance.	  	  Prop	   6b:	  during	   the	   renewal	   of	   competencies	   in	   product	   architecture,	   the	   positive	  
effect	   on	   incumbent	   performance	   of	   competence	   leveraging	   will	   be	  
negatively	  moderated	  by	  the	  depth	  of	  the	  old	  architecture.	  Finally,	  for	  the	  same	  reasons	  we	  cited	  before,	  the	  framework	  used	  for	  developing	  the	  old	  architecture	  can	  be	  assumed	  to	  hamper	  firms	  in	  the	  development	  of	  a	  new	  one,	  especially	  if	  the	  new	  architecture	  will	  be	  based	  on	  a	  new	  core	  components.	  As	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argued	   by	   Henderson	   and	   Clark	   (1990),	   new	   core	   component	   will	   need	  architectural	  solutions	  developed	  for	  that	  specific	  component.	  The	  development	  of	  a	   new	   architecture	   by	   the	   use	   of	   the	   old	   architectural	   competencies	   entails	   the	  continuation	   of	   former	   technological	   beliefs,	   cognition	   schemes	   and	   knowledge,	  which	   have	   been	   found	   	   to	   be	  main	   obstacles	   for	   firm	   success	   during	   period	   of	  technological	  substitution	  of	  core	  component.	  Then:	  	  Prop7:	   Leveraging	   old	   architectural	   competencies	   during	   periods	   of	   technological	  
substitution	  negatively	  influences	  incumbent	  performance.	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DISCUSSION	  This	  paper	  draws	  on	  different	  streams	  of	  literature	  which	  converge	  in	  a	  paradox:	  in	  the	  face	  of	  a	  technological	  substitution,	  incumbents’	  technological	  endowments	  constitute	   at	   the	   same	   time	  a	  major	  obstacle	   and	  a	  key	   to	   success.	   Starting	   from	  this	  dilemma,	   it	   is	  noted	   that	   literature	  on	  radical	   innovation	  often	  considers	   the	  effect	   on	   firm	   competencies	   from	   a	   dichotomous	   point	   of	   view.	   This	   makes	   it	  impossible	  to	  go	  beyond	  the	  view	  that	  existing	  competencies	  have	  either	  a	  strictly	  positive	   or	   a	   strictly	   negative	   impact	   on	   the	   incumbents	   capacity	   to	   bring	   about	  discontinuous	   innovations.	   We	   argue	   that	   it	   is	   necessary	   	   to	   escape	   from	   this	  restricting	   lens,	   in	   order	   to	   find	   a	  way	   to	   resolve	   the	  mentioned	  paradox.	   In	   the	  face	   of	   a	   discontinuous	   technological	   shift,	   there	   is	   ongoing	   debate	   as	   to	   why	  different	   incumbents	   reach	   different	   levels	   of	   performance	   even	   with	   similar	  technological	  competence	  bases.	   In	  some	  cases,	   incumbents	  are	  able	  to	  recognize	  the	  emergence	  of	  a	  new	  technology,	  and	  start	  its	  development	  in	  time	  to	  integrate	  it.	   The	   heterogeneity	   performance	   cannot	   only	   be	   justified	   with	   the	   differential	  sets	   of	   firm	   competencies,	   or	  with	   the	   capacity	   to	   develop	   new	   ones.	   Rather,	   an	  alternative	   way	   to	   address	   the	   heterogeneity	   of	   incumbent	   performance	   is	   to	  understand	  how	  such	  competencies	  are	  developed	  and	  whether	  or	  not	   they	   take	  advantage	  of	  the	  relevant	  competencies	  that	  the	  firms	  have	  already	  developed.	  	  During	   this	   process,	   some	   existing	   competencies	   may	   constrain	   the	   firm,	   but	  others,	  at	  the	  same	  time,	  can	  constitute	  a	  source	  of	  competitive	  advantage	  and	  thus	  need	  to	  be	  maintained	  and	  leveraged.	  For	  this	  reason	  a	  particular	  ability	  of	  a	  firm	  is	   its	   capability	   to	   leverage	   existing	   competencies.	   With	   this	   as	   our	   point	   of	  departure,	   our	   aim	   is	   to	   contribute	   to	   the	   extant	   literature	   by	   arguing	   that	  competence	  leveraging,	  in	  the	  same	  way	  as	  the	  ability	  to	  create	  new	  competencies,	  can	   be	   seen	   as	   a	   dynamic	   capability	   because	   of	   it	   impacts	   on	   the	  way	   in	  which	  firms	  reorganize	  their	  resource	  endowments	  and	  as	  a	  result,	  on	  firm	  performance.	  The	  leveraging	  of	  competencies,	  in	  fact,	  allows	  firms	  to	  extract	  the	  potential	  value	  of	  those	  resources	  which	  they	  have	  already	  developed	  and	  can	  also	  be	  considered	  relevant	   in	   the	   new	   competitive	   landscape.	   However	   just	   as	   firms	   may	   fail	   in	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developing	  new	  competencies,	  they	  may	  also	  fail	  in	  using	  those	  competencies	  that	  they	  have	   already	  developed.	   For	   this	   reason,	   leveraging	   can	  be	   seen	   as	   another	  key	   factor	   explaining	   the	  heterogeneity	   of	   incumbent	  performance	   in	   the	   face	   of	  discontinuous	   technological	   shifts.	   In	   particular,	   the	   critical	   problem	   that	   this	  paper	   has	   addressed	   concerns	   the	   understanding	   of	   the	   conditions	   under	  which	  such	   leveraging	   should	  be	  managed.	  For	   example,	   according	   to	  Danneels	   (2007),	  leveraging	  is	  a	  process	  of	  competence	  de-­‐linking	  and	  competence	  re-­‐linking,	  which	  can	  be	  impeded	  by	  factors	  such	  as	  an	  excessive	  impetus	  in	  serving	  prior	  customers	  (customer	   competence	   trap)	   and	   a	   lack	   of	   “second	   order	   capabilities”	   for	  developing	   new	   customer	   competencies	   (marketing	   competence	   gap).	  Acknowledging	   the	   importance	   of	   Danneels	   (2007),	   our	   analysis	   is	   extended	   to	  also	   incorporate	   the	   technological	   endowments	   of	   incumbents	   in	   a	   more	   direct	  way:	  in	  the	  same	  way	  incumbents’	  involvement	  in	  current	  customers	  can	  generate	  rigid	   cognition	   schemes	   and	   resulting	   “customer	   competence	   traps”,	   existing	  technological	   competencies,	   in	  particular	   related	   to	   the	  product	  architecture,	   can	  hamper	  incumbents	  in	  periods	  of	  technological	  substitution.	  Thus,	  building	  on	  the	  concept	  of	  product	  architecture	  and	  the	  related	  mirroring	  hypothesis,	  we	  propose	  the	   concept	   of	   “architectural	   depth”,	   capturing	   the	   extent	   to	   which	   the	   old	  architecture	   and	   the	   relative	   competencies	   are	   rooted	   and	   structured	   within	   a	  firm,	   and	   elaborate	   on	   its	   specific	   role	   in	   the	   process	   of	   leveraging	   existing	  competencies.	  We	  argue	  that	  leveraging	  complementary	  component	  competencies	  may	  have	  a	  positive	  effect	  on	   incumbent	  performance,	   even	   though	   that	  effect	   is	  negatively	  moderated	  by	  the	  depth	  of	  the	  architecture	  to	  which	  those	  components	  were	   previously	   linked.	   	   The	   higher	   the	   architectural	   depth,	   the	   more	  complementary	  component	  competencies	  and	  prior	  architectures	  are	   linked,	  and	  the	  lower	  the	  positive	  effect	  of	  leveraging.	  	  In	   high	   technology	   industries,	   in	   which	   products	   can	   be	   regarded	   as	   an	  architecture	   of	   technological	   components,	   the	   phenomenon	   of	   technological	  substitution	  is	  a	  key	  driving	  factor	  of	  innovation,	  in	  particular	  when	  affecting	  core	  components.	   In	  such	  a	  context	   the	  proposed	  contribution	  ma	  be	   truly	  applicable.	  Also	   the	   framework	   offered	   by	   Henderson	   and	   Clark	   (1990)	   is	   quite	  straightforward	   in	   orienting	   managers	   in	   thinking	   of	   products	   as	   structures	  articulated	   in	   terms	  of	   components	  and	  architectures.	  From	   that	   framework	   it	   is	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clear	  that	  in	  case	  of	  the	  technological	  substitution	  of	  a	  core	  component,	  managers	  should	   focus	   both	   on	   competencies	   in	   the	   emerging	   technology	   and	   in	   the	   new	  architecture.	   However,	   little	   is	   said	   about	   those	   existing	   product	   component	  competencies	  that	  are	  not	  affected	  by	  the	  substitution	  process,	  but	  continue	  to	  be	  embedded	  also	  in	  the	  new	  product	  architecture.	  In	  order	  to	  fill	  this	  gap,	  we	  suggest	  that	   firms	   have	   to	   take	   into	   consideration	   such	   competencies	   as	   a	   source	   of	  competitive	   advantage	   but	   at	   the	   same	   time	   acknowledge	   the	   potential	   negative	  effect	  of	  architectural	  depth	  on	  the	  possibility	  to	  leverage	  them	  fruitfully.	  	  Because	   of	   the	   strictly	   theoretical	   nature	   of	   this	   paper	   a	   relevant	   continuation	  would	   be	   the	   execution	   of	   an	   empirical	   analysis	   in	   which	   both	   the	   dynamics	   of	  competence	  renewal	  and	  incumbent	  performance	  are	  investigated	  in	  the	  face	  of	  a	  technological	   substitution	   of	   a	   core	   component.	   A	   main	   challenge	   in	   this	   case	  would	  be	  the	  measure	  of	  technological	  competencies,	  especially	  those	  referring	  to	  the	  product	  architecture.	  Potential	  settings	   to	  develop	  a	  quantitative	  analysis	  are	  many,	  such	  as	  the	  digital	  music	  player,	  the	  fuel-­‐cell	  engine,	  the	  LCD	  TV,	  the	  digital	  camera	  and	  so	  on.	   In	  doing	   this,	   two	  other	  criticalities	  need	  to	  be	  addressed:	   the	  understanding	   of	   whether	   and	   how	   the	   product	   components	   and	   the	   product	  architecture	   change;	   and	   the	   explanation	   of	   the	   competence	   leveraging	   process,	  something	  which	  stands	  out	  as	  interesting	  areas	  of	  future	  research.	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UPCOMING	  AND	  FUTURE	  RESEARCH	  	  This	  research	  project	  offers	  many	  possibilities	  for	  future	  developments.	  	  The	   first	   step	  with	  which	   I	  am	  currently	  dealing	   is	   the	  empirical	  development	  of	  the	  second	  paper	  concerning	  the	  role	  of	  the	  architectural	  depth	  and	  the	  condition	  under	  which	  to	  leverage	  positive	  affects	  firm	  performance.	  The	  dataset	  developed	  in	  fact,	  could	  offer	  the	  possibility	  to	  test	  all	  the	  stated	  propositions.	  However	  this	  implies	   some	   criticalities.	   First	   of	   all,	   in	   order	   to	   account	   for	   and	  measure	   firm	  performance,	   three	   different	   options	  may	   be	   taken.	   The	   first	   may	   be	   the	   use	   of	  financial	   measurements	   of	   performance.	   This	   would	   be	   the	   better	   solution	   to	  reconcile	   the	   strategy	   of	   competence	   development	   taken	   by	   the	   firms	   and	   the	  actual	   firm	   performance	   on	   the	  market	   in	   face	   of	   a	   discontinuous	   technological	  substitution.	  A	  second	  option	  could	  be	  the	  use	  of	  data	  of	  product	  performance	   in	  the	   final	   market.	   This	   might	   perhaps	   also	   better	   focus	   the	   subject	   matter	   of	   a	  discontinuous	   technological	   substitution,	   directly	   linking	   the	   firm’s	   ability	   to	  actually	  update	  its	  technological	  endowment	  and	  the	  main	  effects	  on	  its	  capacity	  to	  develop	  successful	  products.	  In	  the	  case	  of	  measurements	  of	  financial	  performance	  in	  fact,	  several	  other	  explaining	  factors	  could	  arise	  which	  may	  influence	  the	  results,	  like	   overall	   organizational	   efficiency,	   the	   cost	   structure	   of	   capital	   and	   so	   on.	  Instead,	   in	   the	  second	  case	  we	  could	  only	   focus	  on	  the	   firm’s	  capacity	   to	  actually	  perform	  a	  technological	  adaptation	  to	  new	  the	  landscape	  of	  competition	  and	  carry	  out	  a	  proper	  use	   this	  adaptation	  with	  successful	  products.	  Unfortunately,	  despite	  the	   amount	   of	   time	   invested	   in	   searching	   for	   these	   data	   in	   both	   cases	   several	  obstacles	  arise.	   In	   the	   former	   case,	   financial	  data	  were	  not	   available	   for	  many	  of	  the	   firms	   in	   the	   sample,	   strongly	   limiting	   the	   possibility	   to	   perform	   statistical	  analysis.	   In	   the	   latter,	   market	   data	   exist	   and	   belong	   to	   Camera	   &	   Imaging	  Association	   (CIPA),	   but	   despite	   efforts	   to	   access	   this	   data	   for	   research	  purposes,	  authorization	   has	   been	   denied.	   The	   third	   option	   is	   to	   focus	   on	   the	   technological	  performance	  of	  firm.	  In	  this	  case	  we	  can	  use	  the	  patent	  data	  previously	  collected.	  Although	   this	  possibility	   is	  much	  more	   feasible	   than	   the	  previous	   two,	   it	   implies	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that	  compared	  to	  the	  analysis	  conducted	  for	  the	  first	  paper,	  and	  all	  the	  patent	  data	  and	  the	  developed	  variables	  will	  be	  summarized	  at	  firm	  level,	  with	  a	  possible	  loss	  of	   their	  original	  meaning.	  The	  second	  main	  problem	  related	   the	  empirical	   test	  of	  the	   second	  paper,	   concerns	  measuring	   the	   concept	  of	   the	  architectural	  depth.	  As	  we	  saw	  in	  the	  paper,	  a	  substantial	  research	  in	  the	  literature	  has	  dealt	  with	  the	  real	  meaning	  of	   architecture,	  with	  different	   focuses	  at	  different	   levels	  of	   the	  analysis,	  i.e.	   technological	   level,	  product	   level,	  organizational	   level	  and	  so	  on.	  Furthermore	  to	  date,	  very	  few	  cases	  of	  architecture	  measures	  have	  been	  used,	  and	  even	  fewer	  have	   been	   based	   on	   the	   quantitative	   analysis	   of	   patent	   data.	   Based	   on	   our	  definition	  of	  architectural	  depth,	   I	  am	  trying	   to	  capture	   the	   level	  of	   technological	  interdependence	   between	   the	   old	   core	   components	   and	   the	   complementary	  components	   by	   using	   the	   patents’	   cross-­‐reference	   classification.	   I	   am	   currently	  researching	   all	   these	   aspects	   and	   carrying	   out	   several	   analyses	   in	   order	   to	   find	  appropriate	  variables	  and	  consistent	  patterns	  of	  results.	  	  	  A	  second	  opportunity	  for	  research	  with	  which	  I	  am	  currently	  dealing	  concerns	  the	  explanation	  of	  the	  factors	  affecting	  a	  firm’s	  ability	  to	  innovate	  within	  the	  emerging	  filed.	  In	  this	  case	  the	  analysis	  may	  focus	  on	  the	  technological	  endowment	  of	  firms.	  As	  discussed	  in	  my	  first	  paper,	  previous	  technological	  experience	  of	  firms	  may	  be	  classified	   on	   the	   basis	   of	   domains	   which	   have	   previously	   and	   currently	  characterized	  the	  technological	  paradigm	  of	  the	  industry.	  Moreover	  it	  is	  possible	  to	  define	  concentration	  indexes	  of	  overall	   firm	  knowledge	  within	  the	  all	  domains	  or	  in	  terms	  of	  intensity	  on	  specific	  domains.	  Furthermore,	  as	  we	  also	  discussed	  in	  our	  paper,	   technological	   knowledge	   may	   be	   also	   differentiated	   on	   the	   basis	   of	   its	  specificity	  rather	  than	  its	  cross-­‐domain	  nature.	  Starting	  from	  these	  considerations,	  the	   first	   explorations	   conducted	   in	   this	   direction	   using	   multinomial	   and	   logit	  analysis	  have	  proved	  to	  be	  truly	  promising.	  Finally	   the	   huge	   database	   built	   on	   the	   patent	   data	   will	   offer	   many	   further	  developments	  for	  other	  papers	  in	  different	  streams	  of	  literature.	  For	  example	  the	  huge	   network	   of	   back	   and	   forward	   citations	   which	   is	   growing	   over	   time,	   if	  implemented	  in	  a	  proper	  way	  with	  the	  identification	  of	  the	  all	  the	  actors	  involved,	  could	   become	   an	   ideal	   setting	   for	   the	   analysis	   of	   dynamic	   networks.	   The	   same	  analysis	  may	  be	  conducted	  at	  patent	  level	  looking	  at	  the	  name	  of	  patent	  inventors.	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                                                                  La procedura CORR 
 
  17  Variabili:    digital_avg_pat_impact logclaims              logmain_comp_stock5    logmain_Z_stock5       avg_back_lag           other_ref 
                    log_n_inventors        time_to_grant          specificity_ratio      comp_depth_ratio       Z_depth_ratio 
                    r_s_back_main_comp     r_s_back_main_digital  r_s_back_main_Z        r_o_back_main_comp     r_o_back_main_digital  r_o_back_main_Z 
 
 
                                                       Coefficienti di correlazione di Pearson 
                                                              Prob > |r| con H0: Rho=0 
                                                                 Numero osservazioni 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             digital_                   logmain_ 
                             avg_pat_                      comp_     logmain_         avg_                      log_n_     time_to_     specificity_ 
                               impact     logclaims       stock5     Z_stock5     back_lag     other_ref     inventors        grant            ratio 
 
  digital_avg_pat_impact      1.00000       0.13269      0.24612      0.32266      0.21642       0.10027      -0.03639      0.08435         -0.03485 
                                             <.0001       <.0001       <.0001       <.0001        <.0001        <.0001       <.0001           <.0001 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  logclaims                   0.13269       1.00000      0.14575      0.12451      0.02522       0.09008       0.05448      0.13364          0.02988 
                               <.0001                     <.0001       <.0001       0.0051        <.0001        <.0001       <.0001           0.0008 
                                12471         12471        12471        12471        12334         12471         12471        12471            12471 
 
  logmain_comp_stock5         0.24612       0.14575      1.00000      0.71134      0.19123       0.01298       0.03262      0.12540         -0.01589 
                               <.0001        <.0001                    <.0001       <.0001        0.1473        0.0003       <.0001           0.0759 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  logmain_Z_stock5            0.32266       0.12451      0.71134      1.00000      0.21026       0.10841       0.01385      0.17266         -0.05172 
                               <.0001        <.0001       <.0001                    <.0001        <.0001        0.1219       <.0001           <.0001 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  avg_back_lag                0.21642       0.02522      0.19123      0.21026      1.00000       0.06259       0.02995     -0.11904          0.01753 
                               <.0001        0.0051       <.0001       <.0001                     <.0001        0.0009       <.0001           0.0515 
                                12336         12334        12336        12336        12336         12334         12336        12336            12336 
 
  other_ref                   0.10027       0.09008      0.01298      0.10841      0.06259       1.00000       0.06606      0.10836         -0.00940 
                               <.0001        <.0001       0.1473       <.0001       <.0001                      <.0001       <.0001           0.2938 
                                12471         12471        12471        12471        12334         12471         12471        12471            12471 
 
  log_n_inventors            -0.03639       0.05448      0.03262      0.01385      0.02995       0.06606       1.00000      0.00443         -0.03939 
                               <.0001        <.0001       0.0003       0.1219       0.0009        <.0001                     0.6208           <.0001 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  time_to_grant               0.08435       0.13364      0.12540      0.17266     -0.11904       0.10836       0.00443      1.00000         -0.01252 
                               <.0001        <.0001       <.0001       <.0001       <.0001        <.0001        0.6208                        0.1622 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  specificity_ratio          -0.03485       0.02988     -0.01589     -0.05172      0.01753      -0.00940      -0.03939     -0.01252          1.00000 
                               <.0001        0.0008       0.0759       <.0001       0.0515        0.2938        <.0001       0.1622 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  comp_depth_ratio           -0.02291       0.06202      0.06286     -0.08444      0.01352      -0.03927      -0.00430     -0.05433          0.01346 
                               0.0105        <.0001       <.0001       <.0001       0.1331        <.0001        0.6308       <.0001           0.1328 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  Z_depth_ratio               0.00633      -0.08706     -0.00839      0.08979     -0.02778       0.00914       0.02244      0.06419         -0.34585 
                               0.4797        <.0001       0.3487       <.0001       0.0020        0.3075        0.0122       <.0001           <.0001 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  r_s_back_main_comp         -0.00996       0.06460      0.12819      0.01143     -0.01948      -0.03022       0.02306     -0.02597          0.02176 
                               0.2662        <.0001       <.0001       0.2020       0.0305        0.0007        0.0100       0.0037           0.0151 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  r_s_back_main_digital      -0.08089      -0.02332      0.08330      0.03285     -0.07004      -0.08258      -0.00422     -0.05456          0.03845 
                               <.0001        0.0092       <.0001       0.0002       <.0001        <.0001        0.6378       <.0001           <.0001 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  r_s_back_main_Z             0.03455       0.02488      0.09712      0.09746     -0.03043       0.01998       0.02191      0.03518         -0.02690 
                               0.0001        0.0057       <.0001       <.0001       0.0007        0.0265        0.0149       <.0001           0.0028 
                                12336         12334        12336        12336        12336         12334         12336        12336            12336 
 
  r_o_back_main_comp          0.07066       0.08293      0.06224     -0.01456      0.08918       0.01040      -0.01709      0.03161          0.00499 
                               <.0001        <.0001       <.0001       0.1040       <.0001        0.2454        0.0563       0.0004           0.5772 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  r_o_back_main_digital       0.14207      -0.02288      0.00203      0.04646      0.03425       0.01452      -0.01885      0.04992         -0.01137 
                               <.0001        0.0106       0.8205       <.0001       0.0001        0.1050        0.0352       <.0001           0.2043 
                                12473         12471        12473        12473        12336         12471         12473        12473            12473 
 
  r_o_back_main_Z             0.00092      -0.00134     -0.04080      0.05666      0.10928       0.05175      -0.00305      0.00594          0.00076 
                               0.9190        0.8816       <.0001       <.0001       <.0001        <.0001        0.7347       0.5093           0.9328 
                                12336         12334        12336        12336        12336         12334         12336        12336            12336 
 
 
 
                                comp_ 
                               depth_      Z_depth_      r_s_back_         r_s_back_      r_s_back_      r_o_back_         r_o_back_      r_o_back_ 
                                ratio         ratio      main_comp      main_digital         main_Z      main_comp      main_digital         main_Z 
 
  digital_avg_pat_impact     -0.02291       0.00633       -0.00996          -0.08089        0.03455        0.07066           0.14207        0.00092 
                               0.0105        0.4797         0.2662            <.0001         0.0001         <.0001            <.0001         0.9190 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  logclaims                   0.06202      -0.08706        0.06460          -0.02332        0.02488        0.08293          -0.02288       -0.00134 
                               <.0001        <.0001         <.0001            0.0092         0.0057         <.0001            0.0106         0.8816 
                                12471         12471          12471             12471          12334          12471             12471          12334 
 
  logmain_comp_stock5         0.06286      -0.00839        0.12819           0.08330        0.09712        0.06224           0.00203       -0.04080 
                               <.0001        0.3487         <.0001            <.0001         <.0001         <.0001            0.8205         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  logmain_Z_stock5           -0.08444       0.08979        0.01143           0.03285        0.09746       -0.01456           0.04646        0.05666 
                               <.0001        <.0001         0.2020            0.0002         <.0001         0.1040            <.0001         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  avg_back_lag                0.01352      -0.02778       -0.01948          -0.07004       -0.03043        0.08918           0.03425        0.10928 
                               0.1331        0.0020         0.0305            <.0001         0.0007         <.0001            0.0001         <.0001 
                                12336         12336          12336             12336          12336          12336             12336          12336 
 
  other_ref                  -0.03927       0.00914       -0.03022          -0.08258        0.01998        0.01040           0.01452        0.05175 
                               <.0001        0.3075         0.0007            <.0001         0.0265         0.2454            0.1050         <.0001 
                                12471         12471          12471             12471          12334          12471             12471          12334 
 
  log_n_inventors            -0.00430       0.02244        0.02306          -0.00422        0.02191       -0.01709          -0.01885       -0.00305 
                               0.6308        0.0122         0.0100            0.6378         0.0149         0.0563            0.0352         0.7347 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  time_to_grant              -0.05433       0.06419       -0.02597          -0.05456        0.03518        0.03161           0.04992        0.00594 
                               <.0001        <.0001         0.0037            <.0001         <.0001         0.0004            <.0001         0.5093 
                                12473         12473          12473             12473          12336          12473             12473          12336 
                                                                       
 
 
 
 
 
 
 
 
                                comp_ 
                               depth_      Z_depth_      r_s_back_         r_s_back_      r_s_back_      r_o_back_         r_o_back_      r_o_back_ 
                                ratio         ratio      main_comp      main_digital         main_Z      main_comp      main_digital         main_Z 
 
  specificity_ratio           0.01346      -0.34585        0.02176           0.03845       -0.02690        0.00499          -0.01137        0.00076 
                               0.1328        <.0001         0.0151            <.0001         0.0028         0.5772            0.2043         0.9328 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  comp_depth_ratio            1.00000      -0.40584        0.24060          -0.04501       -0.04027        0.36763          -0.11084       -0.14495 
                                             <.0001         <.0001            <.0001         <.0001         <.0001            <.0001         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  Z_depth_ratio              -0.40584       1.00000       -0.15142          -0.06243        0.07488       -0.23337           0.01612        0.19271 
                               <.0001                       <.0001            <.0001         <.0001         <.0001            0.0718         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  r_s_back_main_comp          0.24060      -0.15142        1.00000           0.02029        0.00066        0.06962          -0.17149       -0.17342 
                               <.0001        <.0001                           0.0234         0.9414         <.0001            <.0001         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  r_s_back_main_digital      -0.04501      -0.06243        0.02029           1.00000       -0.01567       -0.16290          -0.23984       -0.29562 
                               <.0001        <.0001         0.0234                           0.0819         <.0001            <.0001         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  r_s_back_main_Z            -0.04027       0.07488        0.00066          -0.01567        1.00000       -0.08784          -0.18753       -0.06227 
                               <.0001        <.0001         0.9414            0.0819                        <.0001            <.0001         <.0001 
                                12336         12336          12336             12336          12336          12336             12336          12336 
 
  r_o_back_main_comp          0.36763      -0.23337        0.06962          -0.16290       -0.08784        1.00000          -0.20864       -0.25516 
                               <.0001        <.0001         <.0001            <.0001         <.0001                           <.0001         <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  r_o_back_main_digital      -0.11084       0.01612       -0.17149          -0.23984       -0.18753       -0.20864           1.00000       -0.43904 
                               <.0001        0.0718         <.0001            <.0001         <.0001         <.0001                           <.0001 
                                12473         12473          12473             12473          12336          12473             12473          12336 
 
  r_o_back_main_Z            -0.14495       0.19271       -0.17342          -0.29562       -0.06227       -0.25516          -0.43904        1.00000 
                               <.0001        <.0001         <.0001            <.0001         <.0001         <.0001            <.0001 
                                12336         12336          12336             12336          12336          12336             12336          12336 
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                                        La procedura GENMOD 
                                     Informazioni sul modello 
 
                             Data set                 TMP1.TPANELMOD16 
                             Distribuzione           Negative Binomial 
                             Funzione di legame                    Log 
                             Variabile dipendente    tot_other_fut_cit 
 
                               Numero osservazioni lette       12473 
                               Numero osservazioni usate       12334 
                               Valori mancanti                   139 
 
                         Criteri di valutazione della bontà di adattamento 
 
                 Criterio                       DF          Valore       Valore/DF 
 
                 Devianza                     12E3      13819.3851          1.1258 
                 Dev. scalata                 12E3      12275.0000          1.0000 
                 Chi-quadro di Pearson        12E3      17467.1583          1.4230 
                 X2 Pearson scal.             12E3      15515.1164          1.2640 
                 Log verosimiglianza                   115627.8194 
                 Log verosimiglianza piena             -36666.6614 
                 AIC (minore è meglio)                  73453.3228 
                 AICC (minore è meglio)                 73453.9192 
                 BIC (minore è meglio)                  73898.5297 
 
            Algoritmo con convergenza 
 
                   Analisi delle stime dei parametri di massima verosimiglianza 
 
                                                          Limiti di 
                                             Errore     confidenza di    Chi-quadro 
 Parametro                   DF     Stima  standard      Wald al 95%        di Wald  Pr > ChiQuadr 
 
 Intercept                    1    1.5876    0.2538    1.0901    2.0851       39.12         <.0001 
 FIRMID                1      1   -0.6928    0.1373   -0.9620   -0.4236       25.45         <.0001 
 FIRMID                2      1   -0.7657    0.0841   -0.9304   -0.6009       82.98         <.0001 
 FIRMID                3      1   -0.2233    0.1409   -0.4994    0.0528        2.51         0.1130 
 FIRMID                4      1    0.1272    0.1031   -0.0749    0.3293        1.52         0.2174 
 FIRMID                5      1   -0.6354    0.0713   -0.7750   -0.4957       79.47         <.0001 
 FIRMID                6      1    0.1750    0.0603    0.0568    0.2931        8.42         0.0037 
 FIRMID                7      1   -0.3266    0.0745   -0.4727   -0.1806       19.21         <.0001 
 FIRMID                8      1   -0.6661    0.1898   -1.0382   -0.2940       12.31         0.0005 
 FIRMID                9      1    0.0834    0.2942   -0.4933    0.6601        0.08         0.7768 
 FIRMID                10     1   -1.4290    0.3682   -2.1507   -0.7074       15.06         0.0001 
 FIRMID                11     1   -0.7814    0.1201   -1.0168   -0.5459       42.31         <.0001 
 FIRMID                12     1   -0.7916    0.1562   -1.0979   -0.4854       25.67         <.0001 
 FIRMID                13     1   -0.6500    0.1063   -0.8583   -0.4417       37.40         <.0001 
 FIRMID                14     1   -0.2416    0.7985   -1.8067    1.3235        0.09         0.7622 
 FIRMID                15     1   -0.4396    1.1170   -2.6290    1.7498        0.15         0.6939 
 FIRMID                16     1   -0.1530    0.0844   -0.3185    0.0125        3.28         0.0701 
 FIRMID                17     1   -0.7084    0.0641   -0.8341   -0.5828      122.11         <.0001 
 FIRMID                18     1   -0.4048    0.1012   -0.6031   -0.2065       16.00         <.0001 
 FIRMID                19     1   -0.0285    0.3929   -0.7986    0.7415        0.01         0.9421 
 FIRMID                20     1   -0.5687    0.0624   -0.6911   -0.4463       82.92         <.0001 
 digitalid             1      1   -0.0560    0.0268   -0.1084   -0.0035        4.37         0.0366 
 digitalid             2      1   -0.0575    0.0328   -0.1218    0.0067        3.08         0.0792 
 PATENT_YEAR           1974   1   -0.3900    0.2293   -0.8394    0.0594        2.89         0.0889 
 PATENT_YEAR           1975   1   -0.3110    0.1868   -0.6772    0.0552        2.77         0.0960 
 PATENT_YEAR           1976   1   -0.2107    0.1658   -0.5356    0.1142        1.62         0.2037 
 PATENT_YEAR           1977   1   -0.2654    0.1487   -0.5569    0.0262        3.18         0.0744 
 PATENT_YEAR           1978   1   -0.1519    0.1419   -0.4300    0.1263        1.15         0.2845 
 PATENT_YEAR           1979   1   -0.1041    0.1273   -0.3536    0.1454        0.67         0.4135 
 PATENT_YEAR           1980   1   -0.0873    0.1148   -0.3123    0.1378        0.58         0.4473 
 PATENT_YEAR           1981   1   -0.0096    0.1120   -0.2292    0.2100        0.01         0.9318 
 PATENT_YEAR           1982   1    0.0083    0.1062   -0.2000    0.2165        0.01         0.9379 
 PATENT_YEAR           1983   1    0.0034    0.1054   -0.2032    0.2100        0.00         0.9744 
 PATENT_YEAR           1984   1    0.0200    0.1001   -0.1762    0.2163        0.04         0.8414 
 PATENT_YEAR           1985   1   -0.0156    0.0882   -0.1884    0.1573        0.03         0.8599 
 PATENT_YEAR           1986   1   -0.0489    0.0828   -0.2112    0.1134        0.35         0.5549 
 PATENT_YEAR           1987   1   -0.0244    0.0816   -0.1842    0.1355        0.09         0.7652 
 PATENT_YEAR           1988   1   -0.0685    0.0756   -0.2167    0.0797        0.82         0.3651 
 PATENT_YEAR           1989   1   -0.0717    0.0712   -0.2113    0.0679        1.01         0.3141 
 PATENT_YEAR           1990   1   -0.1533    0.0698   -0.2901   -0.0165        4.82         0.0281 
 PATENT_YEAR           1991   1   -0.0468    0.0659   -0.1761    0.0824        0.50         0.4777 
 PATENT_YEAR           1992   1   -0.0566    0.0679   -0.1896    0.0764        0.70         0.4041 
 PATENT_YEAR           1993   1   -0.0931    0.0642   -0.2189    0.0327        2.10         0.1470 
 PATENT_YEAR           1994   1   -0.0102    0.0599   -0.1276    0.1072        0.03         0.8645 
 PATENT_YEAR           1995   1   -0.0174    0.0564   -0.1280    0.0931        0.10         0.7575 
 PATENT_YEAR           1996   1   -0.0446    0.0561   -0.1545    0.0653        0.63         0.4261 
 PATENT_YEAR           1997   1   -0.0518    0.0521   -0.1538    0.0503        0.99         0.3199 
 PATENT_YEAR           1998   1   -0.0424    0.0517   -0.1436    0.0589        0.67         0.4124 
 digital_avg_pat_impa         1    0.1411    0.0102    0.1211    0.1612      190.48         <.0001 
 logclaims                    1    0.2024    0.0131    0.1767    0.2280      238.68         <.0001 
 logmain_comp_stock5          1    0.1191    0.0378    0.0451    0.1932        9.95         0.0016 
 logmain_Z_stock5             1   -0.1341    0.0384   -0.2093   -0.0590       12.23         0.0005 
 avg_back_lag                 1   -0.0491    0.0041   -0.0570   -0.0411      145.76         <.0001 
 other_ref                    1    0.2307    0.0245    0.1827    0.2786       88.83         <.0001 
 log_n_inventors              1    0.1189    0.0175    0.0845    0.1533       45.90         <.0001 
 time_to_grant                1   -0.0982    0.0092   -0.1163   -0.0801      113.18         <.0001 
 specificity_ratio            1   -0.1088    0.0231   -0.1541   -0.0636       22.20         <.0001 
 comp_depth_ratio             1    0.2968    0.0444    0.2099    0.3838       44.76         <.0001 
 Z_depth_ratio                1    0.0851    0.0335    0.0195    0.1508        6.47         0.0110 
 Dispersione                  1    0.9817    0.0153    0.9517    1.0118 
 
NOTE: la matrice di covarianza è stata moltiplicata per un fattore di DEVIANCE/DOF. 
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                                        La procedura GENMOD 
 
                                     Informazioni sul modello 
 
                             Data set                 TMP1.TPANELMOD16 
                             Distribuzione           Negative Binomial 
                             Funzione di legame                    Log 
                             Variabile dipendente    tot_other_fut_cit 
 
 
                               Numero osservazioni lette       12473 
                               Numero osservazioni usate       12334 
                               Valori mancanti                   139 
 
   Criteri di valutazione della bontà di adattamento 
 
                 Criterio                       DF          Valore       Valore/DF 
 
                 Devianza                     12E3      13798.3001          1.1244 
                 Dev. scalata                 12E3      12272.0000          1.0000 
                 Chi-quadro di Pearson        12E3      18321.4062          1.4929 
                 X2 Pearson scal.             12E3      16294.7824          1.3278 
                 Log verosimiglianza                   115862.4179 
                 Log verosimiglianza piena             -36569.7275 
                 AIC (minore è meglio)                  73265.4551 
                 AICC (minore è meglio)                 73266.1123 
                 BIC (minore è meglio)                  73732.9223 
 
 
            Algoritmo con convergenza 
 
                   Analisi delle stime dei parametri di massima verosimiglianza 
 
                                                          Limiti di 
                                             Errore     confidenza di    Chi-quadro 
 Parametro                   DF     Stima  standard      Wald al 95%        di Wald  Pr > ChiQuadr 
 
 Intercept                    1    1.0564    0.2584    0.5499    1.5629       16.71         <.0001 
 FIRMID                1      1   -0.6464    0.1363   -0.9135   -0.3793       22.50         <.0001 
 FIRMID                2      1   -0.7499    0.0835   -0.9137   -0.5862       80.56         <.0001 
 FIRMID                3      1   -0.2027    0.1399   -0.4770    0.0715        2.10         0.1474 
 FIRMID                4      1    0.1063    0.1021   -0.0939    0.3065        1.08         0.2980 
 FIRMID                5      1   -0.5600    0.0711   -0.6993   -0.4206       62.06         <.0001 
 FIRMID                6      1    0.1936    0.0596    0.0768    0.3104       10.56         0.0012 
 FIRMID                7      1   -0.3210    0.0741   -0.4662   -0.1759       18.79         <.0001 
 FIRMID                8      1   -0.5827    0.1881   -0.9513   -0.2141        9.60         0.0019 
 FIRMID                9      1    0.1380    0.2917   -0.4338    0.7097        0.22         0.6362 
 FIRMID                10     1   -1.5038    0.3653   -2.2198   -0.7877       16.94         <.0001 
 FIRMID                11     1   -0.7717    0.1191   -1.0051   -0.5383       41.98         <.0001 
 FIRMID                12     1   -0.7275    0.1546   -1.0304   -0.4245       22.15         <.0001 
 FIRMID                13     1   -0.6516    0.1051   -0.8576   -0.4457       38.45         <.0001 
 FIRMID                14     1   -0.2107    0.7905   -1.7601    1.3386        0.07         0.7898 
 FIRMID                15     1   -0.6497    1.1073   -2.8199    1.5205        0.34         0.5574 
 FIRMID                16     1   -0.1697    0.0837   -0.3338   -0.0056        4.11         0.0427 
 FIRMID                17     1   -0.6924    0.0635   -0.8170   -0.5679      118.74         <.0001 
 FIRMID                18     1   -0.3745    0.1003   -0.5710   -0.1780       13.95         0.0002 
 FIRMID                19     1    0.0292    0.3889   -0.7331    0.7914        0.01         0.9402 
 FIRMID                20     1   -0.5003    0.0620   -0.6218   -0.3789       65.20         <.0001 
 digitalid             1      1   -0.0682    0.0269   -0.1209   -0.0155        6.43         0.0113 
 digitalid             2      1   -0.0338    0.0329   -0.0983    0.0307        1.06         0.3042 
 PATENT_YEAR           1974   1    0.0900    0.2378   -0.3761    0.5561        0.14         0.7050 
 PATENT_YEAR           1975   1    0.0969    0.1950   -0.2853    0.4792        0.25         0.6192 
 PATENT_YEAR           1976   1   -0.0069    0.1668   -0.3339    0.3200        0.00         0.9668 
 PATENT_YEAR           1977   1   -0.0753    0.1499   -0.3691    0.2185        0.25         0.6154 
 PATENT_YEAR           1978   1   -0.0541    0.1418   -0.3321    0.2239        0.15         0.7028 
 PATENT_YEAR           1979   1   -0.0270    0.1269   -0.2757    0.2217        0.05         0.8315 
 PATENT_YEAR           1980   1   -0.0064    0.1142   -0.2302    0.2175        0.00         0.9556 
 PATENT_YEAR           1981   1    0.0693    0.1112   -0.1486    0.2872        0.39         0.5330 
 PATENT_YEAR           1982   1    0.1210    0.1059   -0.0865    0.3286        1.31         0.2529 
 PATENT_YEAR           1983   1    0.0362    0.1046   -0.1689    0.2414        0.12         0.7291 
 PATENT_YEAR           1984   1    0.0588    0.0993   -0.1359    0.2535        0.35         0.5541 
 PATENT_YEAR           1985   1    0.0292    0.0876   -0.1424    0.2009        0.11         0.7385 
 PATENT_YEAR           1986   1   -0.0207    0.0822   -0.1818    0.1403        0.06         0.8006 
 PATENT_YEAR           1987   1    0.0069    0.0810   -0.1518    0.1656        0.01         0.9324 
 PATENT_YEAR           1988   1   -0.0184    0.0751   -0.1657    0.1289        0.06         0.8069 
 PATENT_YEAR           1989   1   -0.0320    0.0707   -0.1706    0.1067        0.20         0.6512 
 PATENT_YEAR           1990   1   -0.1427    0.0693   -0.2786   -0.0067        4.23         0.0397 
 PATENT_YEAR           1991   1   -0.0119    0.0655   -0.1403    0.1165        0.03         0.8561 
 PATENT_YEAR           1992   1   -0.0328    0.0673   -0.1648    0.0991        0.24         0.6257 
 PATENT_YEAR           1993   1   -0.0790    0.0637   -0.2039    0.0459        1.54         0.2152 
 PATENT_YEAR           1994   1    0.0057    0.0594   -0.1108    0.1222        0.01         0.9234 
 PATENT_YEAR           1995   1   -0.0018    0.0560   -0.1116    0.1079        0.00         0.9738 
 PATENT_YEAR           1996   1   -0.0252    0.0556   -0.1343    0.0838        0.21         0.6504 
 PATENT_YEAR           1997   1   -0.0373    0.0517   -0.1386    0.0641        0.52         0.4710 
 PATENT_YEAR           1998   1   -0.0451    0.0513   -0.1457    0.0555        0.77         0.3800 
 digital_avg_pat_impa         1    0.1409    0.0101    0.1210    0.1608      192.94         <.0001 
 logclaims                    1    0.1992    0.0130    0.1737    0.2246      235.35         <.0001 
 logmain_comp_stock5          1    0.1314    0.0375    0.0579    0.2049       12.27         0.0005 
 logmain_Z_stock5             1   -0.1229    0.0378   -0.1970   -0.0488       10.56         0.0012 
 avg_back_lag                 1   -0.0593    0.0041   -0.0673   -0.0513      210.07         <.0001 
 other_ref                    1    0.2143    0.0243    0.1666    0.2620       77.66         <.0001 
 log_n_inventors              1    0.1323    0.0174    0.0981    0.1664       57.65         <.0001 
 time_to_grant                1   -0.1118    0.0092   -0.1298   -0.0938      148.49         <.0001 
 r_s_back_main_comp           1    0.5404    0.1226    0.3002    0.7807       19.43         <.0001 
 r_s_back_main_digita         1   -0.1171    0.0829   -0.2796    0.0454        1.99         0.1578 
 r_s_back_main_Z              1    0.4206    0.1179    0.1895    0.6517       12.72         0.0004 
 r_o_back_main_comp           1    0.7792    0.0865    0.6097    0.9487       81.18         <.0001 
 r_o_back_main_digita         1    0.3379    0.0756    0.1896    0.4861       19.95         <.0001 
 r_o_back_main_Z              1    0.5769    0.0763    0.4273    0.7265       57.13         <.0001 
 Dispersione                  1    0.9652    0.0151    0.9355    0.9948 
 
NOTE: la matrice di covarianza è stata moltiplicata per un fattore di DEVIANCE/DOF. 
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                                        La procedura GENMOD 
 
                                     Informazioni sul modello 
 
                             Data set                 TMP1.TPANELMOD16 
                             Distribuzione           Negative Binomial 
                             Funzione di legame                    Log 
                             Variabile dipendente    tot_other_fut_cit 
 
                               Numero osservazioni lette       12473 
                               Numero osservazioni usate       12334 
                               Valori mancanti                   139 
 
                         Criteri di valutazione della bontà di adattamento 
 
                 Criterio                       DF          Valore       Valore/DF 
 
                 Devianza                     12E3      13796.4133          1.1245 
                 Dev. scalata                 12E3      12269.0000          1.0000 
                 Chi-quadro di Pearson        12E3      17883.6869          1.4576 
                 X2 Pearson scal.             12E3      15903.7679          1.2963 
                 Log verosimiglianza                   115877.5777 
                 Log verosimiglianza piena             -36538.6441 
                 AIC (minore è meglio)                  73209.2883 
                 AICC (minore è meglio)                 73210.0092 
                 BIC (minore è meglio)                  73699.0159 
 
            Algoritmo con convergenza 
 
 
                   Analisi delle stime dei parametri di massima verosimiglianza 
 
                                                          Limiti di 
                                             Errore     confidenza di    Chi-quadro 
 Parametro                   DF     Stima  standard      Wald al 95%        di Wald  Pr > ChiQuadr 
 
 Intercept                    1    1.1117    0.2602    0.6018    1.6217       18.26         <.0001 
 FIRMID                1      1   -0.6110    0.1362   -0.8780   -0.3440       20.12         <.0001 
 FIRMID                2      1   -0.7558    0.0835   -0.9194   -0.5922       81.96         <.0001 
 FIRMID                3      1   -0.2003    0.1396   -0.4739    0.0733        2.06         0.1514 
 FIRMID                4      1    0.1034    0.1021   -0.0967    0.3035        1.03         0.3112 
 FIRMID                5      1   -0.5508    0.0710   -0.6900   -0.4116       60.17         <.0001 
 FIRMID                6      1    0.2155    0.0597    0.0985    0.3326       13.02         0.0003 
 FIRMID                7      1   -0.3165    0.0740   -0.4615   -0.1716       18.32         <.0001 
 FIRMID                8      1   -0.5965    0.1879   -0.9647   -0.2282       10.08         0.0015 
 FIRMID                9      1    0.1039    0.2912   -0.4668    0.6746        0.13         0.7213 
 FIRMID                10     1   -1.4585    0.3652   -2.1743   -0.7426       15.95         <.0001 
 FIRMID                11     1   -0.7881    0.1190   -1.0214   -0.5549       43.88         <.0001 
 FIRMID                12     1   -0.7452    0.1545   -1.0480   -0.4424       23.26         <.0001 
 FIRMID                13     1   -0.6448    0.1051   -0.8509   -0.4388       37.63         <.0001 
 FIRMID                14     1   -0.2146    0.7892   -1.7614    1.3322        0.07         0.7857 
 FIRMID                15     1   -0.4922    1.1046   -2.6572    1.6727        0.20         0.6559 
 FIRMID                16     1   -0.1663    0.0836   -0.3302   -0.0024        3.96         0.0467 
 FIRMID                17     1   -0.6963    0.0636   -0.8210   -0.5717      119.95         <.0001 
 FIRMID                18     1   -0.3864    0.1001   -0.5826   -0.1902       14.90         0.0001 
 FIRMID                19     1   -0.0067    0.3890   -0.7692    0.7558        0.00         0.9862 
 FIRMID                20     1   -0.5150    0.0621   -0.6367   -0.3933       68.79         <.0001 
 digitalid             1      1   -0.0568    0.0271   -0.1099   -0.0036        4.37         0.0365 
 digitalid             2      1   -0.0408    0.0328   -0.1052    0.0235        1.55         0.2137 
 PATENT_YEAR           1974   1    0.0668    0.2375   -0.3986    0.5322        0.08         0.7785 
 PATENT_YEAR           1975   1    0.0821    0.1948   -0.2997    0.4638        0.18         0.6735 
 PATENT_YEAR           1976   1   -0.0265    0.1665   -0.3528    0.2999        0.03         0.8737 
 PATENT_YEAR           1977   1   -0.0874    0.1495   -0.3804    0.2056        0.34         0.5587 
 PATENT_YEAR           1978   1   -0.0535    0.1416   -0.3310    0.2240        0.14         0.7056 
 PATENT_YEAR           1979   1   -0.0369    0.1266   -0.2850    0.2113        0.08         0.7708 
 PATENT_YEAR           1980   1   -0.0208    0.1140   -0.2442    0.2027        0.03         0.8555 
 PATENT_YEAR           1981   1    0.0495    0.1110   -0.1680    0.2670        0.20         0.6558 
 PATENT_YEAR           1982   1    0.1024    0.1058   -0.1049    0.3096        0.94         0.3331 
 PATENT_YEAR           1983   1    0.0184    0.1045   -0.1863    0.2232        0.03         0.8599 
 PATENT_YEAR           1984   1    0.0500    0.0992   -0.1445    0.2445        0.25         0.6143 
 PATENT_YEAR           1985   1    0.0142    0.0875   -0.1572    0.1856        0.03         0.8712 
 PATENT_YEAR           1986   1   -0.0355    0.0821   -0.1963    0.1253        0.19         0.6652 
 PATENT_YEAR           1987   1   -0.0001    0.0808   -0.1584    0.1583        0.00         0.9993 
 PATENT_YEAR           1988   1   -0.0371    0.0750   -0.1841    0.1100        0.24         0.6213 
 PATENT_YEAR           1989   1   -0.0530    0.0706   -0.1914    0.0854        0.56         0.4530 
 PATENT_YEAR           1990   1   -0.1471    0.0692   -0.2827   -0.0116        4.52         0.0334 
 PATENT_YEAR           1991   1   -0.0256    0.0653   -0.1537    0.1024        0.15         0.6949 
 PATENT_YEAR           1992   1   -0.0518    0.0672   -0.1835    0.0799        0.59         0.4410 
 PATENT_YEAR           1993   1   -0.0892    0.0636   -0.2138    0.0354        1.97         0.1606 
 PATENT_YEAR           1994   1    0.0016    0.0593   -0.1147    0.1178        0.00         0.9788 
 PATENT_YEAR           1995   1   -0.0075    0.0559   -0.1170    0.1021        0.02         0.8938 
 PATENT_YEAR           1996   1   -0.0385    0.0556   -0.1474    0.0704        0.48         0.4887 
 PATENT_YEAR           1997   1   -0.0408    0.0516   -0.1420    0.0603        0.63         0.4289 
 PATENT_YEAR           1998   1   -0.0482    0.0512   -0.1486    0.0523        0.88         0.3473 
 digital_avg_pat_impa         1    0.1408    0.0102    0.1209    0.1607      192.19         <.0001 
 logclaims                    1    0.2006    0.0130    0.1752    0.2261      239.05         <.0001 
 logmain_comp_stock5          1    0.1311    0.0375    0.0576    0.2046       12.21         0.0005 
 logmain_Z_stock5             1   -0.1274    0.0379   -0.2016   -0.0532       11.32         0.0008 
 avg_back_lag                 1   -0.0586    0.0041   -0.0666   -0.0507      206.62         <.0001 
 other_ref                    1    0.2163    0.0243    0.1687    0.2638       79.39         <.0001 
 log_n_inventors              1    0.1289    0.0174    0.0947    0.1630       54.70         <.0001 
 time_to_grant                1   -0.1099    0.0092   -0.1279   -0.0919      143.59         <.0001 
 specificity_ratio            1   -0.1129    0.0230   -0.1579   -0.0679       24.17         <.0001 
 comp_depth_ratio             1    0.1944    0.0464    0.1034    0.2854       17.54         <.0001 
 Z_depth_ratio                1    0.0466    0.0340   -0.0200    0.1132        1.88         0.1703 
 r_s_back_main_comp           1    0.4742    0.1241    0.2311    0.7174       14.61         0.0001 
 r_s_back_main_digita         1   -0.0949    0.0828   -0.2573    0.0675        1.31         0.2520 
 r_s_back_main_Z              1    0.4252    0.1178    0.1944    0.6561       13.03         0.0003 
 r_o_back_main_comp           1    0.7151    0.0882    0.5421    0.8880       65.66         <.0001 
 r_o_back_main_digita         1    0.3592    0.0756    0.2109    0.5074       22.56         <.0001 
 r_o_back_main_Z              1    0.5861    0.0763    0.4366    0.7355       59.04         <.0001 
 Dispersione                  1    0.9594    0.0151    0.9299    0.9890 
 
NOTE: la matrice di covarianza è stata moltiplicata per un fattore di DEVIANCE/DOF. 
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